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Abstract 
Amides as Radical Precursors in Heterocyclic Chemistry 
In this project the use of ami des as precursors for imidoyl radicals in heterocyclic chemistry 
has been developed. Amides were converted to thioamides, which function as precursors for 
imidoyl radical equivalents. Also, a novel protocol for the synthesis of imidoyl selanides was 
developed for the purpose of using these as imidoyl radical precursors. 
The precursors were used in a study of intramolecular oxidative cyclisation of imidoyl 
radicals onto electron deficient pyrroles and indoles. The imidoyl radical equivalents derived 
from thioamides did not cyclise onto heteroarene double bonds. In contrast, imidoyl radicals 
derived from imidoyl selanides did cyclise 6-exo onto activated heteroarenes, but yields were 
generally low due mainly to competing reduction of the imidoyl radical, but also due to 
adduct formation with isobutyronitrile radicals originating from the initiator. 
Imidoyl selanides were used in the synthesis of a range of 2,3-substituted indoles using 
intramolecular reductive 5-exo cyclisation of imidoyl radicals onto alkenes. Amides were 
converted to imidoyl selanides in good yields and cyclised to give indoles in good to excellent 
yields. For electron rich alkenes a competing rearrangement/oxidation to form quinolines was 
dominant, when concentrations of tributyltin hydride were low. When substituents were 
introduced in the "5-exo-position" of the alkene, 6-endo cyclisation became the preferred 
pathway to give quinolines in good yields, even at high concentrations oftributyltin hydride. 
Imidoyl selanides were used in the synthesis of a range of 5H-benzo[b ]carbazoles using a 
radical cascade protocol involving the 5-exo cyclisation of imidoyl radicals onto alkynes. 
Triethylborane initiation at room temperature was used. Yields were good, however when 
electron deficient or hindered alkynes were used, some monocyclised products were obtained, 
lowering yields of the carbazoles. The protocol was extended to a five step total synthesis of 
the important anti-cancer alkaloid ellipticine in 19% overall yield. 
Oxalamides were converted to bis-imidoyl selanides for the purpose of performing sequential 
imidoyl radical cyclisations. Problems were encountered when trying to introduce radical 
acceptors in the form of alkynes, as no palladium catalysed couplings succeeded with these 
substrates. Sequential radical cyclisation onto a phenyl acceptor was unsuccessful. 
v 
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Chapter 1. Introduction 
The research described in this thesis involves the use of imidoyl radicals (R1C=NR2) as 
reactive intermediates in the synthesis of heterocycles. Therefore, the following introduction 
will include a review of the work already published in the literature involving imidoyl 
radicals, followed by a description of the objectives of the project described herein. 
1.1. Previous work involving imidoyl radicals 
In this section the initial studies on structure and kinetics of imidoyl radicals will be presented 
along with the results achieved using imidoyl radicals in heterocyclic chemistry. Finally, 
some miscellaneous applications of imidoyl radical intermediates are described. 
1.1.1. Reactivity, kinetics and structure of imidoyl radicals 
The reactions, structure and kinetics of imidoyl radicals was studied by several groups during 
the 1960's and 70's. Although there are a number of ways to generate an imidoyl radical, the 
early studies all generated the radical using addition of various radical species to isonitriles. 
In 1964 Shono et al. were the first to claim imidoyl radical intermediates in the reaction of a 
range of radical species with cyclohexyl isonitrile. I Most of the major products were 
rationalised through radical mechanisms involving intermediate imidoyl radicals, but no other 
evidence was provided. A thorough investigation of the free radical catalysed isomerisation of 
isonitriles was published by Shaw et al. in 1967.2 They observed a significant conversion of 
ethyl- and methyl isonitrile to the corresponding nitrile, when the isonitrile was heated in the 
presence of a catalytic amount of di-(tert-butyl)peroxide. They argued that the mechanism 
shown below (Scheme 1) was responsible for the conversion based on kinetic and 
thennodynamic data. 
r-. p-scission 
'I ,. 
R-N=C-Me T N=C-Me 
2 
R·. rm 
R-N=C-R 
3 
Scheme 1: Mechanism for the free radical catalysed isomerisation ofisonitriles. 
I-I 
The methyl radicals generated from the peroxide add to the isonitrile 1 to form the imidoyl 
radical 2. The imidoyl radical 2 undergoes p-sCission to form acetonitrile and an alkyl radical, 
which reacts with isonitrile 1 to form the imidoyl radical 3. The nitrile 4 is formed through p-
scission accompanied by the regeneration of the alkyl radical, which completes the catalytic 
cycle. Phenyl isonitrile did not react with methyl radicals under these conditions. 
The reaction of tributyltin radicals with alkyl isonitriles 1 to form the defunctionalised alkane 
5 was reported by Saegusa et al. shortly after Shaw's disclosure (Scheme 2).3 They suggested 
the mechanism involved the addition of the tributyltin radical to the isonitrile 1, again forming 
an imidoyl radical which undergoes p-scission to form the alkyl radical and tributyltin 
cyanide. The alkyl radical abstracts hydrogen from tributyltin hydride (TBTH) to form the 
alkane 5 and tributyltin radical, thereby sustaining the catalytic cycle. The yields of the 
alkanes were 97% (R = benzyl) and 47% (R = cyclohexyl). 
Scheme 2: Addition of tin radicals to alkyl isonitriles. 
During the 1970's a number of papers reported the addition ofsulphur,4,5 oxygen,4,6,7 carbon4, 
7,8,9 and silicon4 centred radicals to isonitriles. As summarised in Scheme 3 the fate of the 
imidoyl radical 6 depends on the nature of the radical, which is added onto the isonitrile 1. It 
also depends on the R group, but in these studies it was generally tert-butyl isonitrile. When 
the attacking radical RIX- is oxygen or sulphur centred, the radical 6 generally undergoes p-
scission of the X_RI bond to form the isocyanate or isothiocyanate 7 and an RI radical (jJI-
route). On the other hand, when a tin, silicon or carbon centred radical adds onto the isonitrile 
p-scission of the R-N bond occurs (jJ2-route). This results in the formation of the nitrile 8 and 
an alkyl radical R-. More recent studies suggest that imidoyl radicals also undergo a-scission 
of the newly formed C-X bond, when the radical RIX- is particularly stable. 10 
1-2 
R-N=C 
1 
a 
+ ·XR1 ~. 
R-N=C=X 
7 (X = 0, S) 
Scheme 3: Summary of reaction pathways observed for imidoyl radicals. 
The use of electron spin resonance (ESR) spectroscopy has provided insight into both the 
structure of imidoyl radicals, as well as the kinetics of the reactions they participate in. 
Danen's group was the first to report an ESR spectrum of an imidoyl radical. I I On the basis of 
the spectra observed when treating imine 9 with tert-butoxyl radical, they concluded that the 
resulting species was indeed the imidoyl radical 10 (Scheme 4). The ESR parameters 
furthermore indicated that imidoyl radicals are a-radicals with a non-linear arrangement 
around the N=C-C bonds. The ease, with which the sp2-hydrogen was abstracted from the 
imine compared with vinylic hydrogen, was rationalised through resonance stabilisation of the 
resulting radical via interaction with the nitrogen lone pair to give the radical 11. 
RLW R1 t-B~~ • [R ... C~N~R1 ~ 
I-SuOH .. 
9 10 
Scheme 4: Imidoyl radicals are nonlinear a-radicals stabilised by a nitrogen lone pair. 
Further ESR studies by Roberts and co-workers4,12,13 involving radical addition to isonitriles 
has confirmed and expanded on these findings. As shown in Figure 1, the imidoyl radical is 
non-linear around the R-C=N bond and the R and RI groups generally prefer to be in the 
trans-configuration. The angle <p increases with the electronegativity of R, and it approaches 
zero for electron deficient groups such as R = SiMe3. Kinetic studies showed that the addition 
of electron deficient a-carbonyl carbon centred radicals to isonitriles was significantly faster 
than addition of simple, more nucleophilic alkyl radicals. 
Figure 1: Imidoyl radical structure. 
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More recently the competition between cyclisation and fJ-scission of but-3-enylthioimidoyl 
radicals 12 has been studied using ESR spectroscopy (Scheme 5).14,15 The findings showed, 
that for these particular radicals the rate of 5-exo-trig cyclisation to give radical 13 was 
2.4x104 S-l, whereas the rate of fJl-scission to give isothiocyanate 14 and alkenyl radical 15 
was more than six times faster, at 1.6xl05 s-l. Reduction of radical 12 to a thio-substituted 
imine also occurred to a lesser extent via disproportionation. 
• 
f\) /s-exo 
\=Q 
R-N=C 
R, • J S • 13 hu N, 
'{ S 
12 R-N=C=S + .~ 
14 15 
Scheme 5: Competition between p-scission and cyclisation for alkenylthioimidoyl radicals. 
In summary, the existence of imidoyl radicals was confirmed in the 1960's. Imidoyl radicals 
are a-radicals with a non-linear arrangement around the N=C-R bond. A number of radical 
species can be added to isonitriles to give imidoyl radicals, and once formed the radical can 
undergo two forms of fJ-scission resulting in either isothiocyanates/isocyanates or nitriles. 
1.1.2. Imidoyl radicals in heterocyclic chemistry 
Imidoyl radicals have found wide use in heterocyclic chemistry, and they are an excellent tool 
for the construction of nitrogen-containing heterocycles. This section will review the efforts 
made in this field, and it is divided into three sub-sections according to the precursor used to 
form the radical. The three classes of precursors are isonitriles/isothiocyanates, thioamides 
and finally a-substituted imines, the latter including imines themselves. 
1.1.2.1. Isonitriles and isothiocyanates as imidoyl radical precursors 
Isonitriles 
The use of isonitriles as a radical trap to form imidoyl radicals has been utilised in 
heterocyclic chemistry with considerable success, and this particular subject has been 
reviewed elsewhere. 16 A good range of isonitriles are commercially available, but they are 
also easily prepared via dehydration of the corresponding formamide. Curran did the 
pioneering work in this field, as he published the novel [4+1] radical annulation with 
1-4 
isonitriles in 1991 (Scheme 6).17 When heating iodide 16 and an aryl-isonitrile and 
hexamethylditin under UV -irradiation, imidoyl radical 17 was formed. This radical cyclises in 
a 5-exo-dig fashion onto the alkyne to form vinyl radical 18, which attacks the aryl ring to 
form the central ring. The two regioisomeric products obtained were explained by a 6-
membered ring closure to form 19 or a 5-ipso ring closure to form radical 20 followed by a 
neophyl rearrangement to form 19 or 21. The rearranged product 21 was generally minor. 
Careful analysis of reaction products and the fact that yields of quinolines were in excess of 
50% ruled out rearomatisation by stannyl radicals and disproportionation respectively. It was 
concluded that oxygen during workup was probably responsible for this reoxidation process. 
R R R C+ C=N-{ }-x (Me3Sn)z C OX 5."o~ d~x • hU,t1 ~ ~ ~ ~I 
N N 
16 17 18 
~5) ++ (1,6) 
R ~x R m ~ ~ ~ ~ «ox -N ~ ~ I ~ ~N ~ X N 
21 20 19, (up 10 70%) 
Scheme 6: The Curran (4+1) annulation using isonitrile precursors. 
This annulation strategy was expanded by Curran to the formal total synthesis of racemic 
camptothecin 22, an alkaloid with significant anticancer properties (Scheme 7).18,19 
o AO _~ Ph-N=C ~N I 4P N ..) ~ CO Me~. ~ '~:r CO,Me(Me,S'h', ' ( ) I Br~ hu, t1 o-~ N Et Cf~ N 
23 Et I 24 I 25 
-- -- tt 
o 
Et 
o o 
(±)-camplolhectin 22 Danishefsky lelracycle 26 (45%) 
Scheme 7: Curran's 1st generation formal total synthesis of racemic camptothecin. 
1-5 
Analogous to the earlier [4+ 1] annulation, phenyl isonitrile was heated with bromide 23 and 
hexamethylditin under UV irradiation to give imidoyl radical 24. A radical cascade reaction 
via the vinyl radical intermediate 25 led to the tetracycle 26 in 45% yield, which can be 
converted to camptothecin 22 using known chemistry. 
Since, Curran and co-workers have developed a second generation regio- and stereo-selective 
synthesis of (205)-camptothecin 27 (Scheme 8).20 A very large number of analogues have 
also been synthesised.21 ,22,23,24,25 These include the related natural product (5)-mappicine.26 
Some analogues have superior biological activity to camptothecin itself, as for example 
Topotecan™ 2822 and some 7-silylated analogues.27 The regioselectivity was achieved using 
TMS substitution artha to the isonitrile in compound 29, whereas the desired stereochemistry 
was introduced into compound 30 prior to cyclisation. 
29 30 27 (20S)-camptothecin R7_R11 = H 
28 Topotecan ™ R7. R11 = H. 
R9 = CH2NMe2. R10 = OH 
Scheme 8: Curran's 2nd generation regio- and stereo-selective synthesis of camptothecin and analogues. 
Interestingly, the [4+ 1] annulation strategy has also been used with vinyl isonitriles and iodo-
alkynes or -nitriles to form cyclopenta-fused pyridines and pyrazines respectively.28 
At the same time Tundo's group developed a similar three component [4+1] annulation using 
AIBN, phenyl acetylene and an aryl isonitrile to form cyclopenta-fused quinoxalines (Scheme 
9).29,30 Isobutyronitrile radicals formed by heating AIBN reacted with the alkyne to form 
vinyl radical 31, which in turn generates the imidoyl radical 32 when adding to the isonitrile. 
Radical 32 then undergoes 5-exa cyclisation onto the nitrile carbon followed by a 6-
membered ring closure of radical 33 to form quinoxaline 34 in 30% yield based on isonitrile. 
Minor by-products resulting from isobutyronitrile radical adding to the isonitrile instead of the 
alkyne were also isolated. Interestingly, there was no isomer detected resulting from 5-ipsa 
cyclisation of radical 33 and rearrangement in these reactions. 
1-6 
!!. 
AIBN~ Ph = ~ 
Meo~Nxt ~h ;/ 
N 
~Meo~lNxt ~ ~h;/ 
N 
Ph Ph 
34 (30%. major) 33 
Scheme 9: Tundo's three component [4+1J annulation. 
The same group also reported similar [4+1] annulations as a result of adding sulphanyl 
radicals to isonitriles resulting in dihydrothiophene- and benzothiophene-fused quinoxalines 
35 and 36 (Scheme 10).3),32 The yields are low when using alkyl sulphides due to competing 
fJ-scission of the imidoyl radical. On the other hand, good yields of the benzothiophene-fused 
quinoxalines 36 were obtained, resulting from addition of aryl sulphanyl radicals. 
RV 
Ne) AIBN Ne) I .& NC R'c(n ~ ~ ~ 
.0 N/.: S HS -S 
35 (14%) 
NC)) RV R'CrN:cY 0=8'8 I "" hu NC)) I .& NC ~ 1.0 ~ ~ 
.0 N/.: S 
.0 eN ·S 
36 (40-70%) 
Scheme 10: Synthesis of fused quinoxalines from sulphanyl radical addition to isonitriles. 
Fukuyama and co-workers have employed a range of precursors to imidoyl radicals in their 
very efficient synthesis of indole derivatives, and this includes isonitriles (Scheme 11).33,34 
They made a range of o-alkenyl aryl-isonitriles 37, and treated these with tributyltin radicals 
using AIBN initiation to give imidoyl radical 38. The radical 38 cyclises 5-exo to give the 
alkyl radical 39, which reduces to the tributyltin substituted 3H-indole 40. Subjecting this 
compound to either acidic or Stille coupling conditions gave 3- or 2,3-substituted indoles 41 
and 42 respectively in good yields. The stannyl compound 40 can also be converted to the 
corresponding iodide using iodine, to enable a range of palladium catalysed coupling 
1-7 
reactions.35 Interestingly, when R = n-butyl, a significant amount oftetrahydro-quinoline was 
isolated, as a result of apparent 6-endo cyclisation. 
37 38 
41 (51-91%) 
~R 
lJl, 
H 
42 (49-82%) 
R ~'R1 lJll-
H 
• R ~'snBU' lJl~)--
39 
Scheme 11: The Fukuyama indole synthesis from isonitriles. 
This method of forming indole derivatives has proven highly functional group tolerant, and as 
a result Fukuyama has employed the method towards the syntheses of several complex indole 
alkaloids. Thus, efforts towards discorhapdin A, vincadifformine36 and aspidophytine37 have 
been made all from an o-alkenyl aryl-isonitrile 43 (Scheme 12). 
o 
discorhapdin A 
~ 
vincadifformine aspidophytine 
~ 
Scheme 12: Efforts towards complex indole alkaloids are being made starting from aryl isonitriles. 
Rainier et al. reported a similar synthesis of indoles 41 using o-alkynyl aryl-isonitriles 44 
(Scheme 13).38,39 In this synthesis the competition between 5-exo-dig and 6-endo-dig was 
prominent, and thus, when R = Bu or H, mainly the quinoline products 45 were obtained as a 
1-8 
result of 6-membered ring closure. On the other hand, when R was a bulky substituent such as 
tert-butyl or trimethylsilyl, a very high ratio of indole 41 was obtained. Two equivalents of 
TBTH were used to ensure reduction of the intermediate indolenine to the indole. 
R o=)R. R 41:45 OC' B",s"" (2.2 eq";:! roR TMS 1:0 1 0 AIBN. 6; H30 + 10 /.: Ph 2:1 o N Bu 1:5 NC N t-Bu 14:1 H CH20Bn 2:1 44 41 45 H 0:1 
Scheme 13: The Rainier method for the synthesis of indoles. 
The high ratio of indole product obtained when using the TMS-substituted alkyne prompted 
the use of isonitrile 46 in a sulphanyl radical mediated synthesis of indolenines 47. These 
were further reacted with an additional equivalent of thiol to produce indoles 48 in very good 
yields without the use ofTBTH (Scheme 14). 
cC™S -rtP RSH 1 '-'::: --J.~ AIBN.6 o NC 
46 
cr}MS '-'::: 7 1 t SR 
o N 
47 
oj:RS TMS RSH ---i.~ 1 '-'::: ~ SR 
o N 
H 
48 
Scheme 14: Thiol mediated indole synthesis using the Rainier method. 
Although imidoyl radicals resulting from alkyl isonitriles undergo p-scission significantly 
faster than aryl isonitriles, they have been utilised for the synthesis of 5-membered nitrogen-
containing heterocycles. This work was pioneered by Bachi's group who added sulphanyl 
radicals to 3-alkenyl isonitriles 49, resulting in imidoyl radical 50, which cyclises 5-exo to 
give radical 51 (Scheme 15). This radical is reduced by thiol to give pyrrolines 52 and 53 with 
poor diastereoselectivity.40 
R}R3 R
5
SH 
R~ .. l initiato~ 
eN C02R4 
49 
Scheme 15: Bachi's synthesis of2-alkyl- and 2-aryl thiopyrrolines from 3-alkenyl isonitriles. 
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Competing isomerisation to isothiocyanates via p-scission was a problem in these reactions, 
especially when RI f:. H, which slows down the cyclisation rate. This was however solved by 
lowering the temperature to -40 QC and using UV -irradiation to activate the initiator. Later 
good diastereoselectivity was also obtained by stereocontrolled introduction of a bulky -
OTBDMS group alpha to the ester moiety.41 
Analogous reactions were performed using 3-alkynyl isonitriles 54 (Scheme 16).40 These 
reactions led to pyrrolines 55, containing an exo-cyclic alkene for further elaboration. 
Furthermore, when 2-mercaptoethanol was used as the sulphide, pyroglutamates 56 are 
obtained via the intermediate 57. 
54 
~ 
H~ 
SH via 
Scheme 16: Synthesis of5-membered nitrogen-containing heterocycles from 3-alkynyl isonitriles. 
When allyl sulphides are used as the radical acceptor in these reactions, a catalytic cycle is 
obtained (Scheme 17).40 Thus, treatment of isonitrile 58 with a catalytic amount of AIBN and 
thiolled to the formation pyrroline 59. The catalytic cycle starts with formation of imidoyl 
radical 60, which cyclises 5-exo to radical 61, which eliminates to reform phenylsulphanyl 
radical and pyrroline 62. This pyrroline spontaneously rearranges to the exo-cyclic alkene 59. 
Having both obtained diastereoselectivity and the use of catalytic amounts of reagents, Bachi 
and co-workers expanded this chemistry to the diastereoselective total synthesis of (±)-a-
kainic acid 63 (Scheme 18).42,43,44 Thus, a key step in the synthesis involved the 
diastereoselective cyclisation of isonitrile 64, resulting in the pyrroline 65 in 77% yield. This 
intermediate was converted to (±)-a-kainic acid 63 in 9 steps. Finally, these cyclisations to 
form pyrrolines and pyroglutamates have recently been performed using microwave 
irradiation, resulting in both faster reactions times and better yields.45 
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Scheme 17: Bachi's thiol-catalysed synthesis of pyrroline derivatives from allylsulphides. 
SEt 
}OTBDMS 
CN C02t-Bu 
64 
-J, OTBDMS 
AIBN.EtSH n (77~1 ~ EtS ~N CO,t-Bu 
65 
9 steps 
•• 
(±)-a-kainic acid 63 
Scheme 18: Bachi's total synthesis of (±)-a-kainic acid via a 5-exo imidoyl radical cyclisation. 
Isothiocyanates 
The use of isothiocyanates as imidoyl radical precursors was reported prior to the use of 
isonitriles. Despite of this isothiocyanates have received very little attention in this context 
over the following years. When adding carbon centred radicals to isothiocyanates, the 
resulting imidoyl radicals are equivalent to those obtained, when adding sulphanyl radicals to 
isonitriles. 
In 1981 John et al. converted the isothiocyanate-substituted penicillanate 66 to thiazoline 67 
by adding stannyl radical to the isothiocyanate moiety (Scheme 19).46 This led to the 
intermediate tributyltin thioimidoyl radical 68, which added to the sulphide in a 5-exo fashion 
to give a stable isopropyl radical. The resulting rearranged product 67 was destannylated to 
give the corresponding dithiourethane in 68% yield. 
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66 68 
Scheme 19: Conversion of a penicillanate to a thiazoline through an intermediate imidoyl radical. 
Prior to their work with isonitriles Bachi's group treated 3-alkenyl isothiocyanates 69 with 
TBTH and AIBN to form imidoyl radical 70 (Scheme 20).47 Cyclisation either through a 5-
exo (n = 1) or 6-exo (n = 2) mode and hydrolysis on silica gave y- and t5-thiolactams 71 
respectively in yields of up to 94%. Interestingly, substitution on the R2 position increased the 
cyclisation rate and thus the yields, especially in the 6-membered ring formations (n = 2). 
R1 R1 1.. BU3SnH,AIBN It .. 
R
3
_ .. rn ~orhv ~ ~?.rn 
SCN R2 BU3SnS~N R2 
69 (n = 1, 2) 70 71 
Scheme 20: Bachi's synthesis of..,- and o-thiolactams from isothiocyanates. 
Using isothiocyanates, Tundo and co-workers repeated and expanded their work with [4+1] 
annulations. Thus, when an aryl isothiocyanate 72 is reacted with an aryl radical, generated 
from tetrafluoroborate 73, imidoyl radical 74 is formed (Scheme 21).48,49 When Y = N, this 
results in the synthesis of quinoxaline 36 exclusively, as already described in the analogous 
isonitrile reaction (Scheme 10, page 1-7). However when Y = CPh, the intermediate vinyl 
radical reacts both 6-endo and 5-ipso, forming the fused quinolines 75 and 76 respectively. 
For quinoxaline 36 yields up to 80% were obtained, while 60% were the best yields for the 
quinolines 75. Similar chemistry has also been published, where the alkyne moiety is situated 
on the aryl isothiocyanate in the ortho-position and various aryl radicals are added. 50 
Finally, it has been shown that radical reactions can be performed using 
manganese(III)acetate and isothiocyanates, however this has yet to find wider applications. 5 I 
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R~ + ~NCS 
72 73 
76 rr = CPh) 
Py;d;"e~ R~')o 
74 
5-exo then 57 ~xo then (1, 6) 
36 rr = N) 
75 (Y = CPh) 
Scheme 21: Tundo's synthesis of benzothio-fused quinoxaIines and quinoIines from isothiocyanates. 
In summary, isothiocyanates and especially isonitriles have proven to be versatile precursors 
for imidoyl radicals in heterocyclic chemistry. Their use in radical annulations to make 
cyclopenta-fused pyridines, quinolines and quinoxalines has demonstrated good functional 
group tolerance, which has led to the synthesis of a large number of analogues of the 
important anticancer alkaloid camptothecin. The use of isonitriles to furnish pyrroline and 
indole derivatives has also been used in the synthesis of several natural products. 
1.1.2.2. Thioamides as imidoyl radical precursors 
The addition of radicals to the thiocarbonyl group of thioamides results in an a-
thioaminoalkyl radical, that is highly stabilised by the two adjacent heteroatoms. Furthermore, 
the radical is not an ene-radical, and thus, these imidoyl radical equivalents are somewhat less 
reactive than actual imidoyl radicals. Thioamides have however found some use in 
heterocyclic chemistry as precursors for imidoyl radical equivalents. 
Bachi's group were the first to employ thioamides in imidoyl radical chemistry in 1989.52 
They found that thioamides did not cyclise to give 6-membered rings under standard 
TBTHlAIBN conditions. However, when activating the thioamide 77 by converting it to the 
tributyltin thioimidate 78, they did achieve cyclisation through imidoyl radical 79, forming 
the alkyl radical 80, which cyclises further to give tetracycle 81 in 73% yield (Scheme 22). 
A more elegant form of activation was reported, which employed a benzyl substituent on the 
nitrogen atom of the thioamide 82 (Scheme 23).52 Treatment of thioamide 82 with stannyl 
radical results in a-thioaminoalkyl 83, which eliminates a benzyl radical through p-scission to 
form the tributyltin thioimidate 84. The reaction of thioimidate 84 with a second equivalent of 
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stannyl radical results in cyclisation and the chromanone 85 in 60% yield after hydrolysis. 
Similar reactions to give 5-membered ring ketones were also reported. 53 
78 
81, (73%) 
79 
6-exo~ 
~ ~N~) I ~ Ph .0 0 
80 
Scheme 22: Radical cyclisation ofimidoyl radicals derived from thioamides. 
Bn
tN
/ 
cC-SSnBu3 - [Bne] I • 
.0 O~Ph 
83 
85, (60%) 
Scheme 23: Activation ofthioamides through benzyl susbtitution on nitrogen. 
Bachi's group subsequently expanded their synthesis of racemic (±)-a-kainic 63 acid to the 
enantioselective synthesis of (-)-a-kainic acid 63 using the enantiopure thioformamide 
intermediate 86 (Scheme 24).54 Treatment ofthioformamide 86 with TBTH and AIBN results 
in the a-thioaminoalkyl radical 87, which cyclises in a 5-exo fashion and eliminates 
ethylsulphanyl radical to form the pyrrolidine 88 in 73% yield. This intermediate was 
converted to (-)-a-kainic acid 63 in eight subsequent steps. Although no cyclisation without 
Boc protection of the thioamide nitrogen was reported, it has been shown, that this electron 
withdrawing group activates similar adjacent radicals resulting in better cyclisation yields. 55 
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E1S~OTMS 
H N C02t-Bu I 
(-)-63 
Boe 
86 88, (73%) 
Scheme 24: Bachi's enantioselective synthesis of (-)-a-kainic acid via a thioformamide. 
Fukuyama's group used thioamides 89 as precursors in their radical mediated synthesis of 
2,3-substituted indoles 42 (Scheme 25).56 They used TBTH and triethylborane initiation at 
room temperature to form radical 90, which cyclises 5-exo to form alkyl radical 91. This 
radical is reduced by TBTH and rearomatised through loss of tributyltinthiol to furnish the 
indole derivatives 42 in up to 94% yield, Interestingly, because the thioamide precursor is 
stable to hydrolysis, these reactions could be performed using aqueous hypophosphorous 
acid/triethylamine as the chain propagating species with AIBN initiation . 
........ 0=}; R OC'R BU3SnH CrSt~ .0 Et3B • I ~ 1 . ., cO=R1 • NH PhMe, rt N-\ S~R1 H SSnBu3 ~ N S~nBU3 ~ N H H 
89 90 91 42, (36-94%) 
Scheme 25: Fukuyama's room temperature synthesis of indoles from thioamides. 
However, using thioamides in this indole synthesis has some limitations, mainly due to the 
lower reactivity of the intermediate radical 90. Firstly, the room temperature method only 
resulted in cyclisation when cis-alkenes were employed, which made the precursor synthesis 
somewhat longer. Also, when RI = phenyl or alkynyl, no cyclisation products were obtained, 
probably due to the further stabilisation of radical 90 induced by these groups. 
As with the isonitrile approach Fukuyama has employed the thioamide approach to indoles in 
the synthesis of natural products. Thus, a simple 2,3-substituted indole was made by this 
method and used as an early intermediate in the total synthesis of ( -)-strychnine, 57 Perhaps 
more appealing was the use of the hypophosphorous acid induced cyclisation in the late stages 
of the total synthesis of the indole alkaloid (±)-catharanthine 92 (Scheme 26).58,59 
Interestingly, the cyclisation of thioamide 93 gave variable yields below 20% when using 
TBTH and triethylborane initiation at room temperature, probably due to the steric bulk 
caused by the isoquinuclidine moiety. However, when the thioamide 93 was treated with 
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hypophosphorous acid, triethylamine and AIBN at 90 QC, the indole 94 was obtained in 50% 
yield. Conversion of the acetate group to a mesylate to furnish indole 95 followed by 
palladium catalysed deprotection of the Cbz-protected amine and subsequent cyclisation 
resulted in (±)-catharanthine 92. 
Cbz 1) K2C03• MeOH I 2) MsCl, Et3N, 
CH2CI2 
(82%) 
HSiEt3. Pd(OACh.1 (960/,) 
Et3N, EtOH/EtOAC. 0 
(±)-catharanthine 92 
Scheme 26: Total synthesis of (±)-catharanthine through a late stage radical cyclisation of a thioamide. 
Recently Curran has reported the use of thioamides, thiocarbamates and thioureas as radical 
precursors for the [4+ 1] annulations he originally developed using isonitriles (Scheme 6, page 
1-5). As seen in Scheme 27 the treatment of thiocarbonyl 96 with tris(trimethylsilyl)silyl 
radical resulted in radical 97 which cyclises 5-exo to give vinyl radical 98.60 Subsequent 6-
membered ring closure gives the delocalised radical 99, which rearomatises through oxidation 
and ionic loss of thiol to furnish cyclopentafused quinolines 100 in moderate to good yields 
with good regioselectivity. 
96 
[y= CR2, 0, NR) 
R TTMSm~ -r:M~H V '5) .::~'~ 
hv 1....-: I.; " ~ X ~/ N~Y '~' 
H 
97 
100 
Scheme 27: Curran's synthesis of cyclopentafused quinolines from thio-amides, -ureas and -carbamates. 
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In summary, thioamide derivatives have not found wide use as radical precursors m 
heterocyclic chemistry as of yet. However, despite of the low reactivity of the a-
thioaminoalkyl radical formed from these precursors, thioamides and derivatives have been 
used in the synthesis of chromanones, pyrrolidines, indoles and cyclopentafused quinolines. 
1.1.2.3. Imines and a-substituted imines as imidoyl radical precursors 
Imines 
Employing imines as imidoyl radical precursor reqUIres the use of a strong hydrogen 
abstractor such as di-isopropyl peroxydicarbonate (DPDC). This limits the functional group 
tolerance of the radical reaction, since other hydrogens than the imine hydrogen could be 
abstracted instead. However, imidoyl radicals derived from imines have found some use in the 
synthesis of simple heterocycles. 
In 1984 Tundo reported the first cyclisations involving imidoyl radicals derived from aryl 
imines (Scheme 28).61 Imine 101 was heated in the presence of DPDC and a terminal alkyne 
to give imidoyl radical 102, which adds to the alkyne forming vinyl radical 103. Analogous to 
Curran's [4+ 1] annulation, radical 103 either forms a 6-membered ring directly to give 
quinoline 104 or forms the spiro-intermediate 105 which rearranges to either 104 or 106. For 
X = H yields were up to 85%, whereas for X :f:. H the major rearranged product 106 was 
isolated in up to 58% yield.62 
101 
x = H (up to 85%) 
X ~ H (up to 58%) 
102 103 
/<" 5) ** (1.6) 
R2 X~2 R2 ~ __ ~N-~ ~~x~ XAJlN~R~ UN~R1 
106, (major) 105 R1 104, (minor) 
Scheme 28: Tundo's synthesis of quinolines from aryl imines. 
Similar reactions were carried out by the same group, but involving addition of the imidoyl 
radicals to either diethyl azodicarboxylate to give benzotriazines63 or to alkenes to give 
quinolines. 64 It was found that, when adding imidoyl radicals 102 to alkenes the yields of 
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quinolines were poor. This is probably due to the intermediate alkyl radical being less reactive 
towards addition to the aromatic ring than the vinyl equivalent 103. 
A convenient synthesis of phenanthridines 107 was also reported by Tundo' s group (Scheme 
29).65 Treatment of imines 108 with DPDC at 60°C resulted in imidoyl radical 109, which 
cyclises to form the central6-membered ring ofphenanthridines 107 in 60-90% yield. 
"-':: ~ ~I X I 0 N~r 
108 
DPDC 
.. 
CsHs 
60°C X a2~1 --== .. ~ .. ~ I "-':: X 0 N~ Ar 
109 107 (60-90%) 
Scheme 29: Synthesis of phenanthridines from aryl imines. 
Benzothiazoles 110 were also synthesised through the addition of imidoyl radicals to 
sulphides (Scheme 30).66 The treatment of sulphide 111 with DPDC in boiling benzene 
resulted in the synthesis of 2-substituted benzothiazoles 110 in moderate to good yields via 
the intermediate imidoyl radical 112. The phenyl radical, formed on addition of the imidoyl 
radical to sulphur, immediately reacts with the solvent to form biphenyl. Replacement of 
phenyl sulphide with methyl sulphide resulted in lower yields due to non-radical addition of 
the sulphide to DPDC. 
I }-R + Ph-Ph o:s o N 
110, (30-64%) 
Scheme 30: Synthesis of benzothiazoles from aryl imines. 
Finally, Tundo's group also showed the potential of forming 7-membered rings through 
cyclisation of imidoyl radicals, when they synthesised oxazapines 113 via radical 114 
(Scheme 31).67,68 The yields of the oxazapines 113 were however low, one reason being the 
formation of the benzophenone derivatives 115. These were formed due to 6-membered ring 
cyclisation to form cyclohexadienyl radicals 116, which ring-open to phenoxyl radicals 117. 
Hydrogen abstraction followed by hydrolysis furnishes the ketones 115. No other by-products 
were reported. 
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CC~ on }-x-==~ .... C(N~)-X + ~ N~r (1,7) 
Ar 
o 
Ar~ Vx 
114 113, (11-19%) 115, (11-16%) 
(1'~ fl.J, H20 
x 
cc: o~X~ ... CC~ ~~ > N~ ~ N-
116 117 Ar 
Scheme 31: Synthesis of oxazapines via 7-membered ring cyclisation of imidoyl radicals. 
a-Substituted imines 
Bachi performed cyclisations using imidoyl selanide precursors analogous to those he 
reported with thioamides (Scheme 32).52.53 It was found that treatment of imidoyl selanide 
118 with tributyltin radical resulted in the formation of imidoyl radical 119 and tributyltin 
phenylselanide. The fate of the imidoyl radical depended on the N-substituent R. When R was 
a methyl group the imidoyl radical cyclised 6-exo-trig to give imine 120, which resulted in 
chromanone 121 after hydrolysis, in very good yield. However, when R was a benzyl group 
an equimolar amount of cyclisation product 121 and fi-scission product 122 was produced. 
This is again due to benzyl radical being more stable than methyl radical, making a better 
radical leaving group in the fi-scission process. 
N,R WR N,R 
CC:sePh BU3Sn. cC ~xo cCrPh ... ~. -BU3SnSePh I ~ O~Ph ~ O~Ph ~ 0 
118 119 120 
+ p-scission + H2O 
CCCN 
0 
I ~ O~Ph cCrPh ~ 0 
122 121 
R=Me ( -) (''very good yield") 
R=Bn (50%) (50%) 
Scheme 32: Cyclisation ofimidoyl radicals resulting from imidoyl selanides. 
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Similar cyclisations were tried using imidoyl methyl- and phenyl-sulphides. The imidoyl 
methylsulphides were found not to cyclise at all, whereas the imidoyl phenylsulphides would 
form an imidoyl radical and cyclise, providing it was an aryl imidoyl radical. 
Fujiwara et al. reported a study of the potential of imidoyl radicals to act as stable synthons 
for highly unstable acyl radicals in heterocyclic chemistry.69 Acyl radicals with a radical 
stabilising substituent such as benzyl, di- or tri-arylmethyl eliminate carbon monoxide 
extremely fast. If the fragmentation of analogous imidoyl radicals is slower, these could 
potentially be used instead, followed by hydrolysis to give the desired carbonyl compound. 
Thus simple reduction of imidoyl selanide 123 and the selenoester 124 with TBTH was 
compared (Scheme 33). The reduction of 123 gave the imine 125 in 60% yield, whereas none 
of the corresponding aldehyde 126 could be isolated. Both reactions resulted in some a-
fragmentation to give triphenylmethane in 22% and 43% yield for the imidoyl radical and 
acyl radical respectively. This clearly shows the potential of imidoyl radicals as acyl radical 
synthons. 
y BU3SnH Y 
Ph0 
Et3B, O2 
Ph0H Ph3CH Ph SeBu .. + PhH,rt 
Ph Ph Ph 
y = N-(2,6-xylyl), 123 125. (60%) (22%) 
y=o, 124 126, (0%) (43%) 
Scheme 33: Comparison of the fragmentation reaction oftriphenylmethyl imidoyl- and acyl-radicals. 
Interestingly, one example of trapping a diarylmethyl imidoyl radical intramolecularly with an 
alkene was also reported.69 Thus, imidoyl selanide 127 was converted to indole 128 in 74% 
yield, using standard TBTHI AIBN conditions. 
PhH,80°C 
(74%) 
Scheme 34: Trapping of a diarylmethyl imidoyl radical with an alkene to synthesise an indole. 
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Uneyama's group reported the use of several types of a-substituted imines as precursors for 
trifluoroacetimidoyl radicals (Scheme 35).70,71 Thus photolysis of imidoyl iodides and 
tellurides 129 resulted in vinyl iodides or tellurides 130. These intermediates were converted 
to the 3-carboxy-indole derivatives 131, in the presence of water. The imidoyl iodides were 
also shown to convert to 3-alkyl indoles when subjected to standard TBTH/AIBN 
conditions.71 Imidoyl azo-compounds such as 132 were converted to imidoyl radicals when 
heated resulting in the synthesis of compounds 133. These were converted to indoles 134 in 
the presence ofthiophenol in good yields.71 Non-fluorinated precursors were not reported. 
129 (Y = -I or -TePh) 130 (Y = -I or -TePh) 
133 
PhSH 
.. 
131, (30-68%) 
134, (72-77%) 
Scheme 35: Synthesis of2-triflouromethylindoles from various precursors. 
Very recently Fukuyama and co-workers also reported the use ofimidoyl tellurides 135 in the 
synthesis of 2-aminomethyl indole derivatives 136 (Scheme 36).72 They were able to 
synthesise imidoyl tellurides 135 in high yields by reacting isonitrile 37, an imine and 
triethoxysilylphenyltelluride in hot acetonitrile. Addition of the imidoyl radicals derived from 
telluride 135 onto the internal alkene resulted in the formation of a range of indoles 136 in 
good yields. 
1 cc:~ R1 ~~ R NBn (EIObSiTePh I TePh I + ~ ... A N=(· A Ne R2 MeCN, 60°C )-NHBn 
R2 
37 135, (65-96%) 
PhH, 80°C 
R1 ~~NHBn 
~~~2 
136, (66-88%) 
Scheme 36: Fukuyama's synthesis of2-aminomethyl indoles via imidoyl tellurides. 
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In summary, imines have found application as imidoyl radical precursors in the synthesis of 
simple quinolines, phenanthridines, benzothiazoles and oxazapines. Imidoyl selanides, 
iodides, tellurides and azo derivatives have been used mainly in the imidoyl radical mediated 
synthesis of indoles. 
1.1.3. Miscellaneous applications of imidoyl radicals 
Imidoyl radicals appear as intermediates in various areas of synthetic chemistry. They have 
their main use in heterocyclic chemistry, but some other applications have been reported, and 
are described below. 
Barton et al. described a high yielding deamination reaction sequence used on 
aminoglycosides (Scheme 37).73 Thus, the amino group on aminoglycoside 137 was 
formylated, followed by acetal protection of the hydroxy groups and dehydration to give 
isonitrile 138. Treatment of the isonitrile 138 with TBTHlAIBN results in an imidoyl radical, 
which undergoes p-scission to give the deaminated product 139. 
OH OAc 
~ ~ BU3SnH HO 0 --===~~~ .. AcO AIBN ~ HO OH AcO N (p-scission) H2N 11 OAc 
C 
137 138 
OAc 
AcO~q ACO~ 
OAc 
139 (81% from 137) 
Scheme 37: Deamination of an aminoglycoside via p-scission of an imidoyl radical. 
Since the rate of amine formylation is dependent on the surrounding steric bulk, it was shown, 
that for oligo-aminoglycosides increasing degrees of deamination could be achieved 
selectively by varying the temperatures in this step.74 Imidoyl chlorides have also been used 
as imidoyl radical precursors in deamination procedures. 75 It has furthermore been shown, 
that isothiocyanates can be de sulphurised to give isonitriles via addition of tin radicals 
followed by a-scission.76 
The deliberate use of imidoyl radical p-scission was also described by Stork in his synthesis 
of cyclic nitriles via trapping of tert-butyl-isonitriles (Scheme 38).77 The bromide 140 was 
treated with TBTHlAIBN to give the cyclised alkyl radical 141. Under normal conditions this 
would be reduced by TBTH, but in the presence of tert-butyl isonitrile the imidoyl radical 142 
is formed instead via intermolecular trapping. The desired cyclic nitrile 143 is thus formed in 
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good yield after fi-scission of the imidoyl radical. The isobutyl radical formed abstracts 
hydrogen from TBTH to sustain the chain reaction. 
OEt OEt 
Q~Br OEt $H OEt BU3SnH $.H t-BuNC P.scission $H 0 AIBN ~ .- ~ C~ ~Nr< CN 
140 141 142 143, (ca. 60%) 
Scheme 38: Stork's trapping of isonitriles in radical cyclisation reactions to form nitriles. 
Yamago et. al. reported a convenient conversion of telluroglycosides to 
telluroimidoylglycosides via an atom-transfer reaction involving an isonitrile (Scheme 39).78 
The reaction of various hydroxyprotected telluroglycosides 144 with an aryl isonitrile resulted 
in insertion of the isonitrile carbon into the carbon-tellurium bond of the glycoside, to give 
imidoyl tellurides 145 in moderate to good yields. Attack of glycosyl radical onto the 
isonitrile followed by trapping of the resulting imidoyl radical by telluryl radical is the most 
likely mechanism. The imidoyl tellurides can be converted to a variety of l-acylglycosides as 
exemplified by the conversion to carboxamide 146. 
hv •• ~ p~~ ~:~~ 
(38-80%) N:;-- TeAr HN 0 
1~ 'Cr 146 'Cr 144, (P = Ac, Bz, Bn) 
Scheme 39: Conversion of telluroglycosides to I-telluroimidoylglycosides via an atom transfer reaction. 
Nanni and co-workers reported the synthesis of poly-substituted alkenes using a three-
component, one-pot reaction between sulphanyl radicals, a terminal alkyne and an isonitrile 
(Scheme 40).10 The reaction between a diaryl disulphide and a terminal alkyne under UV 
irradiation furnished the vinyl radical 147. In the presence of an aryl isonitrile and a radical 
scavenger (m-dinitrobenzene) fi-unsaturated amides 148 were the products. These are the 
result of addition of the vinyl radical to the isonitrile and scavenging of the resulting imidoyl 
radical. When the reactions were carried out using tert-butyl isonitrile, a,fi-unsaturated nitriles 
149 were the products, resulting from addition and subsequent fi-scission. 
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R1 = 
hv 
~ 
Scheme 40: Synthesis of polysubstituted alkenes using a three-component, one pot radical reaction. 
The same group very recently described the use of alkyl thiols as alkyl radical precursors, in a 
tin-free procedure. 79 The method takes advantage of the well known tendency of thioimidoyl 
radicals to undergo /lrscission to form an isothiocyanate and an alkyl radical (see Scheme 3, 
page 1-3). As seen in Scheme 41, when an alkyl sulphide 150 is treated with an isonitrile 
under triethylborane initiation at room temperature, it is smoothly converted to the 
corresponding alkane 151 in near quantitative yields. Importantly, the reaction is high 
yielding when using tertiary, secondary and primary alkyl thiols. Also, all the tested isonitriles 
worked well, including the commercially available tert-butyl isonitrile. No /l2-scission 
products were detected under the conditions used. tert-Butyl isonitrile and its corresponding 
isothiocyanate both have relatively low boiling points (91°C and 140 °C respectively) which 
facilitates the isolation of practically pure product after evaporation of the reaction mixture. It 
was argued, that due to the ease of converting both halides and a1cohols to thiols, this 
procedure is an important tin-free alternative to existing radical de-functionalisation protocols. 
R-SH PhMe, rt 
150 151, (> 98%) 
Scheme 41: Tin-free reduction of alkyl sulphides. 
It was also shown, that electron deficient alkyl radicals generated from thiols would add to 
electron rich alkenes under the same conditions in good yields. In contrast, when normal alkyl 
sulphides are used the resulting radical abstracts hydrogen from sulphides at such a high 
rate,80 that the addition to the alkene cannot compete. 
Finally I3C enriched isonitriles have been used for isotopic labelling of important naturally 
occurring carboxylic acids (Scheme 42).81 When a carboxylic acid 152 is treated with N-
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hydroxy-2-thiopyridone, the Barton ester 153 is formed. Ultraviolet irradiation of this ester 
results in the formation of the carboxyl radical 154, which decomposes via loss of carbon 
dioxide to the alkyl radical. Normally this would mean the loss of the acid moiety of the 
original acid, but in the presence of an I3C enriched isonitrile the imidoyl radical 155 is 
formed leading to the final adduct 156. Simple hydrolysis of imine 156 leads back to the 
original carboxylic acid, but with a I3C carbonyl carbon. 
Cl N S 
I 
OH 
[ReOOH} 
152 
0~ ll.N~S ... C=N'R1 
156 
hydrolysis 
• 
R 
\ 
155 
e
C
=N'R1\-
[RCOOH) 
152, c= 13C 
Scheme 42: The Barton method for llC isotope labelling of carboxylic acids. 
R1NC 
In summary, imidoyl radicals are reported as intermediates in a variety of non-heterocyclic 
chemistry, such as de-amination, de-sulphurisation, synthesis of nitriles, poly-substituted 
alkenes and imidoyl tellurides, and also in isotopic labelling of carboxylic acids. 
1.2. Project objective 
As summarised in the previous section, imidoyl radicals have already found wide use in 
heterocyclic chemistry. It is apparent that the bulk of the chemistry reported has used 
isonitriles or isothiocyanates as precursors to these radicals, whereas other precursors have 
received limited attention. 
Isonitriles and isothiocyanates are highly toxic and often volatile compounds and they are 
associated with strong unpleasant odour. Furthermore, in the reactions involving addition of 
carbon-centred radicals to isonitriles, these are used in 3-5 equivalent excesses for optimum 
yields, probably due to thermal decomposition in solution.17 Naturally, this limits the degree 
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of functionalisation introduced on the isonitrile building block, which is already limited by the 
conditions used making the isonitrile moiety itself, namely dehydration of the corresponding 
formamide typically in boiling phosphoryl trichloride. Therefore, it seems appropriate to 
develop new versatile protocols towards imidoyl radical precursors. 
The purpose of this project was to develop the use of amides as precursors for imidoyl 
radicals, and use this protocol for the synthesis of nitrogen-containing heterocycles and 
natural products. Amides are stable, crystalline compounds, and can be prepared from a vast 
variety of readily available building blocks consisting of amines and carboxylic acids or 
esters. As depicted in Scheme 43, we planned to convert the amide to an imidoyl radical or 
equivalent in two ways. Either the amide is treated with a suitable chlorinating agent affording 
the imidoyl chloride, which is subsequently converted to an appropriate a-substituted imine 
157. Treatment of this precursor with a suitable radical reagent should then furnish the 
imidoyl radical 158. Alternatively, conversion of the amide to a thioamide 159 using the well 
established Lawesson's reagent,82 followed by treatment with an appropriate radical reagent, 
has been shown to furnish a-thioaminoalkyl radical 160. 
Law~ 
reagent 
159 
158 
cyclisations 
• 
cyclisations 
• 
Scheme 43: Amides as precursors of imidoyl radicals or equivalent a-thioaminoalkyl radicals. 
Amides tethered to suitable radical acceptors will thus be synthesised and converted to 
imidoyl radicals, with subsequent intramolecular cyclisations in mind. Initially simple 
cyclisations were planned, followed by more ambitious cascade reactions towards biologically 
active natural products. We also planned to employ alternatives to toxic tin-based radical 
reagents, such as germanium hydrides and silanes. 
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Chapter 2. Cyclisation of Imidoyl radicals onto pyrroles 
and indoles 
In this chapter oxidative cyc1isation of imidoyl radicals onto activated heteroarenes are 
described. After a short introduction to the subject the synthesis of the radical precursors is 
presented. This is followed by the results of the radical reactions performed with these 
substrates. Finally, the effects of reactivity changes to both imidoyl radical and the radical 
acceptor are examined. 
2.1. Introduction 
The addition of radical species to an aromatic ring followed by oxidation of the resulting 1[-
radical species to rearomatise the substrate is generally referred to as homolytic aromatic 
substitution. The intramolecular variant of these reactions has become widely used in the 
synthesis of aromatic heterocyc1es. 83 
Previous work in the Bowman group has shown, that intramolecular oxidative radical 
cyclisation onto various activated heteroarenes can be achieved with alkyl,84,85 aryl86 and 
acyl87 radicals. For example, generation of alkyl radicals from alkyl bromides 161 results in 
cyc1isation onto the activated imidazoles and rearomatisation to form the fused imidazoles 
162 (Scheme 44).84 
Ni
CHO 
11 ~ BU3SnH 
'N AIBN., 
L _ Ph Me, Il 
'H';;""'Sr 
161 
CHO 
ti""", cyclisation 
N 1 ... 
~. 
N?;CHO 
II ~ 162 a, n = 1 (42%) 
"N b, n = 2 (49%) 
c, n = 3 (14%) 
)n 
Scheme 44: Intramolecular oxidative cyclisation of alkyl radicals onto an activated imidazole. 
Some general trends of these reactions are demonstrated in this example. The 6-membered 
ring formation (n = 2) generally results in higher yields than 5-membered (n = 1), probably 
due to higher strain in the resulting (5,5)-bicyc1es as compared to (5,6)-bicyc1es. Larger ring 
sizes (n = 3 or above) are accompanied with dramatic decreases in yields. Radical attack on 
the p-position of the activating electron withdrawing group is also generally preferred, when 
this is a possibility. In this particular example regioselectivity was complete, as the radical 
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attacked exclusively in the 5-position of the imidazole. Finally, the main side reaction was 
simple reduction of the alkyl radical prior to cyclisation affording N-alkyl imidazoles. 
In another example, selenoester 163 was converted to an acyl radical followed by radical 
cyclisation onto pyrroles and rearomatisation to furnish the fused pyrroles 164 in 20-50% 
yields (Scheme 45).87 The yields depended on ring size (n) as with alkyl radicals, and the 
aldehyde position was significant as 3-susbtituted pyrroles were better acceptors than 2-
susbtituted pyrroles, due to the preference for cyclisation onto the /J-position with respect to 
the electron withdrawing group. 
OHC~ ~ 
l.(N 0 
v'sePh 
163 
BU3SnH, AIBN,CO, ~ OHC~ ~ 
--------.. N ~ 
cyclohexane/MeCN l! 
~~O 
cyclisation 
• 
164, (20-50%) 
Scheme 45: Bowman's intramolecular oxidative addition of acyl radicals to electron deficient pyrroles. 
The mechanism of rearomatisation of the heteroarene has been studied for some time.84,88,89 
Two equivalents of azo initiator are generally needed for optimum yields in these reactions, 
and it is now generally accepted that, although there is probably several mechanisms 
involved, the main contributor to rearomatisation of the intermediate n-radical is abstraction 
of hydrogen by the azo initiator, thereby reducing this to the corresponding hydrazine. 
Acyl and imidoyl radicals are both Sp2 a-radicals stabilised by overlap of electron density 
from the neighbouring heteroatom. Thus, we set out to examine intramolecular cyclisations 
onto heteroarenes using imidoyl radicals and to compare these to the analogous acyl radical 
reactions. Although many of the imidoyl radical cyclisations reported in the literature are 
homolytic aromatic substitutions overall, only two examples involve the direct addition of the 
imidoyl radical to an aromatic ring (Scheme 29, page 1-18 and Scheme 31, page 1-19). 
We hoped to achieve the synthesis of fused pyrroles 165 through intramolecular cyclisation of 
imidoyl radicals onto an activated pyrrole (Scheme 46). These radicals, or equivalents, will be 
generated from amides 166 via either of the two methods described in section 1.2 (Scheme 
43). The amides will be synthesised by coupling of amines with carboxylic acids 167, which 
in turn are made from the coupling of a pyrrole anion and a suitable bromide. 
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EWG[)\1 
radical If- \ 
formation 'N 0 
~ ~N'R 
coupling and 
hydrolysis 
~ 
n H 
166 
II amide coupling 
EWG~ ~ 
N 
~nC02H 
167 
Scheme 46: Retrosynthesis of bicyclic pyrrole heterocycles via oxidative imidoyl radical cyclisation. 
The potential scope of this synthetic protocol is wide. Changes to the position and nature of 
the electron withdrawing group (EWG) can be made. The ring size (n) and the R group can be 
varied, and the pyrrole can be exchanged for other heteroarenes. Finally, the imines 165 can 
be reduced to amines or treated with a nUcleophile to add further functionalisation to the ring. 
Hydrolysis of the imines 165 would afford the corresponding ketone products, which are the 
products obtained directly from the corresponding acyl radical cyclisations. This would 
constitute a good example of using imidoyl radicals as acyl radical equivalents, and thereby 
avoid the problems related with decarbonylation ofthese radicals. 
The protocol could also be employed in the synthesis of several natural products. For 
example, the butterfly pheromone nordanaidone has been synthesised using a similar 
cyclisation of an acyl radical (Figure 2).87 Insect pheromones and frog poisons include a large 
number of interesting biologically active pyrrolizidine and indolizidine alkaloids, which are 
potential targets for our protoco1.90 For example, the two indolizidine alkaloids (±)-
indolizidine 209D and (±)-monomorine have both been prepared by reduction of fused 
pyrrole precursors (Figure 2).91 
~-
'NJO 
nordanaidone 
butterfly pheromone 
(±)-indolizidine 2090 
frog poison alkaloid 
(±)-monomorine 
ant trail pheromone 
Figure 2: Potential natural product targets derived from fused pyrroles. 
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2.2. Synthesis of radical precursors 
In order to investigate our proposed protocol we initially synthesised some simple radical 
precursors. The amide 168 was synthesised from 4-phenylbutyric acid and 2-phenethylamine 
using standard DCC coupling conditions (Scheme 47). This amide was used as a model 
compound for the conversion of amides to thioamides and a-substituted imines. Conversion 
of amide 168 into the corresponding thioamide 169 was achieved in 91% yield using 
Lawesson's reagent in refluxing toluene. 
1
2-PhenethYlamine (78%) DCC, HOBt 
DCM, rt 
H 
Ph~N~Ph 
o 
168 
Lawesson's reagent 
• 
PhMe, 110·C 
(91%) 
Lawesson's reagent ~ OMe 
S,:. ,5, ,0 
~P""S·P~5 
Meo)V 
H 
Ph~N~Ph 
S 
169 
Scheme 47: Synthesis of a model amide, and conversion to the corresponding thioamide. 
Conversion of amides to a-substituted imines was envisaged via the initial generation of an 
intermediate imidoyl chloride. Work carried out by Newcomb et al. suggested, that the 
conversion of an alkyl amide to an imidoyl chloride using phosgene and catalytic DMF was 
possible. He also reported that, subsequent treatment with an oxygen anion gave the 
substituted products in good yields. 92 Replacement of phosgene with oxalyl chloride in these 
reactions had previously been tested in the Bowman group, but this resulted in capture of the 
di-carboxyl moiety leading to undesired cyclic products. Other methods, such as treatment of 
amides with triphenylphosphine in tetrachloromethane,7I seemed unattractive. Therefore, we 
adopted the phosgene method, although we have since found, that oxalyl chloride has been 
used successfully in the presence of a hindered base. 93 Safe use of phosgene was achieved 
through employment of commercially available, sealed solutions in toluene. 
The use of xanthates as homolytic leaving groups in radical chemistry is well documented, 94 
but imidoyl xanthates have not been reported. Several attempts to synthesise imidoyl xanthate 
170 from the model amide 168 via imidoyl chloride 171, by treatment with phosgene and 
xanthate anion, all failed (Scheme 48). The reactions resulted only in the isolation of starting 
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material and trace amounts of thioamide. The presence of thioamide suggested that we were 
making the imidoyl chloride, and that the xanthate anion attacks this, but the products 
hydrolyse back to the amide and thioamide during purification. 
H ~N~ COCI2,cat.DMF 
Ph 11 Ph DCM, rt .. 
o 
168 
[ph~N~Phl 
171, (not purified) 
y KSSCOEt 
". THF, rt 
Ph~N~Ph 
Sf(0~ 
170 S 
Scheme 48: Attempted synthesis of an imidoyl xanthate. 
Simultaneous work in the Bowman group had resulted in the isolation of some bright red 
compounds from analogous reactions using aryl amides. These products were initially thought 
to be imidoyl xanthates, but a report published in 1904 revealed that imidoyl xanthates 172 
spontaneously rearrange into thioalkyl thiocarbamic acids 173, probably via a 4-membered 
ring intermediate 174 as depicted in Scheme 49. 95 The rearrangement was confirmed by an X-
ray crystallography structure of compound 173. Attempts to synthesise imidoyl xanthates 
were therefore abandoned. 
172 
Ar~ ,Ar1 
-- 11N 
--- S~O-..../ 
S-
174 173 
Scheme 49: Rearrangement ofimidoyl xanthates. 
Instead, attention was turned to the synthesis of alkyl imidoyl selanides, which have been 
shown to be good imidoyl radical precursors by Bachi and co-workers.52 However, the yields 
of the imidoyl selanides obtained by Bachi et al. were very 10w.96 We therefore sought to 
develop a safe, simple and high yielding method for converting amides to imidoyl selanides. 
This was achieved, analogous to before, by converting the amide 168 into the imidoyl 
chloride with phosgene followed by treatment with potassium phenylselanate (Scheme 50). 
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Phenylselanate was generated in situ using reductive cleavage of diphenyl diselanide by K-
Selectride®. Diphenyl diselanide is far less toxic than dialkyl diselanides,97 and it is virtually 
odour free unlike phenyl selanol. Using this novel protocol the imidoyl selanide 175 was 
obtained, albeit initially in a modest yield of 31 %. TLC and IH NMR spectroscopic analysis 
of the imidoyl selanide 175 revealed that, it is sensitive to hydrolysis during workup and 
column chromatography. Hence, we were confident, that yields could be improved by using 
fast purification procedures. 
H 1) COCI2, cat. DMF, DCM, rt 
Ph~N~Ph 2)(PhSeh,K-selectride, ~N~ THF, rt Ph :;-- Ph .. 
o (31%) Se Ph 
168 175 
Scheme 50: Synthesis of imidoyl selanides from amides. 
Amides containing a radical acceptor moiety in the form of an activated pyrrole were 
synthesised (Scheme 51). Deprotonation of the 2-substituted pyrrole with sodium hydride 
followed by treatment with methyl 4-bromobutyrate and hydrolysis furnished acids 176 and 
177 in good yields. These acids were converted to the amides 178, 179 and 180 via DCC 
couplings with 2-phenethylamine and p-toluidine respectively, also in good yields. 
n Z N 
H 
1 )4-bromobutyrate 
NaH, DMF, rt 
.. 
2) LiOH, H20, EtOH, rt 
-fJ Z N 
~OH 
o 
176, Z = CHO (79%) 
177, Z = CN (83%) 
-fJ RNH2, DCC, HOBt, Z N 
.. l /"... _H 
DCM, rt ......", If N'R 
o 
178, Z = CHO, R = (CH2hPh (75%) 
179, Z = CN, R = (CH2hPh (74%) 
180, Z = CN, R = p-tol (87%) 
Scheme 51: Synthesis of amides tethered to electron deficient pyrroles. 
Conversion of amide 178 to thioamide 181 using Lawesson's reagent was unsuccessful 
(Scheme 52). When adding Lawesson's reagent to the reaction mixture the solution 
immediately turned black, and a dark blue insoluble solid remained after evaporation of the 
solvent. A thorough review on thionation of amides indicated, that the successful use of 
Lawesson's reagent in the presence of aldehydes had no published precedence.82 In contrast, 
conversion of the nitrile substituted amide 179 proceeded smoothly to furnish thioamide 182 
in high yield, confirming that the aldehyde moiety was the problem in the previous reaction. 
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The high electrophilicity of aldehydes is probably what causes side-reactions when using the 
nucleophilic Lawesson' s reagent. 
-fJ Z N 
~~~Ph 
o 
178, Z= CHO 
179, Z= CN 
Lawesson's reagenl 
~ 
PhMe, 110°C 
-fJ Z N 
~~~Ph 
S 
181,Z=CHO (0%) 
182, Z = CN (96%) 
Scheme 52: Treatment of pyrrole-tethered amides with Lawesson's reagent. 
When turning to the synthesis of the corresponding imidoyl selanides it was clear, that the 
aldehyde substituent was causing problems again (Scheme 53). In these reactions it was the 
addition of phosgene to the reaction mixture containing amide 178, which afforded a dark 
blue insoluble solid. None of the imidoyl selanide 183 could be isolated after treatment with 
phenylselanate. We were however pleased to see, that amides 179 and 180 were converted to 
imidoyl selanides 184 and 185, in 64% and 29% yield respectively. In the latter reaction the 
starting material was recovered in 34% yield, suggesting hydrolysis of the selanide during 
purification. 
-fJ Z N 
~~'R 
o 
178, Z = CHO, R = (CH2hPh 
179, Z = CN, R = (CH2hPh 
180, Z = CN, R = p-Iol 
1) COCI2, Cat. DMF, DCM, rt -fJ Z N 
~ 
2) (PhSe)2, K-Selectride, THF, rt ~N'R 
SePh 
183, Z = CHO, R = (CH2)2Ph (0%) 
184, Z = CN, R = (CH2hPh (64%) 
185, Z = CN, R = p-Iol (29%) 
Scheme 53: Subjection of pyrrole-tethered amides to the selanation protocol. 
To check the stability of imidoyl selanides, compound 184 was subjected to IH NMR 
spectroscopic analysis after 8 weeks of storage at -18°C. There were no detectable 
breakdown products. Thus, alkyl imidoyl selanides, such as 184, show good stability once 
isolated. 
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2.3. Cyclisation of alkyl imidoyl radicals onto activated pyrroles 
2.3.1. Thioamide precursors 
The cyclisation of the a-thioaminoalkyl radical derived from thioamide 182 to give the 
thiostannane 186 was attempted using three sets of conditions. Standard oxidative cyclisation 
conditions were tried using slow addition of TBTH and 2 equivalents of AIBN initiator in 
toluene at reflux (Table 1, entry 1). We also employed the conditions used by Curran's group 
to cyclise thioamide derived radicals onto alkynes (Table 1, entry 2),60 and finally, a 
germanium hydride was tested (Table 1, entry 3). None of the hydrides used resulted in any 
product formation, and only starting materials were identified in the reaction mixtures. 
Entry 
1 
2 
3 
conditions 
o • 7 
PhMe 
NC -yy~ NHR N SSnBu3 
186, R = (CH2}zPh 
Table 1: Attempted cyclisations ofthioamides derived radicals onto pyrrole. 
R Substrate Conditions8 Product 
-(CH2hPh 182 BU3SnH (slow addition), AIBN, 6., 5 h 186 
-(CH2)2Ph 182 TIMSS, AIBN, hv, 20 h 186 
-(CH2)2Ph 182 BU2GeH2, AIBN, 6., 5 h 186 
Yield (%)6 
OC 
OC 
OC 
a2 equiv. of hydride and AIBN were used, except for TIMSS ([Me3SihSiH) where 4 equiv. of silane were used, 
b isolated yields, C only starting material recovered. 
Since there are a number of examples of a-thioaminoalkyl radicals cyclising onto other 
acceptors under similar conditions (see section 1.1.2.2), the a-thioaminoalkyl 187 is most 
likely formed during these reactions (Scheme 54). Unfortunately, the reactivity is too low for 
it to cyclise onto the aromatic ring in a 6-exo fashion to give radical 188. Instead homolytic 
cleavage of the tin-sulphur bond in radical 187 results in equilibrium with starting materials . 
• 
-fJ S NHR BU3Sne -fJ NHR 6-9P -9:JNHR 
NC 0 ~NC NlJ~ ~NC N 
S's B SSnBu3 n U3 
182, R = (CH2}zPh 187 188 
Scheme 54: Formation of an a-thioaminoalkyl radical and subsequent breakdown to starting material. 
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2.3.2. Imidoyl selanide precursors 
Consequently, we proceeded to treat the pyrrole-tethered imidoyl selanide 184 with 
TBTH/AIBN. With this substrate the starting material was consumed after 5 h of reaction 
time, but initial attempts to directly isolate imine reaction products failed. Subsequent 
hydrolysis of the reaction products did not aid in isolation either. We then turned to reducing 
the resulting imines to amines using sodium borohydride in ethanol prior to workup (Scheme 
55). This was achieved in one-pot, and it has the advantage of enabling acid extraction of the 
products thereby separating them from tin residues. Three products (189a-c), obtained from 
the treatment of imidoyl selanide 184 with tributyltin hydride/AIBN followed by reduction 
with sodium borohydride, were identified. Compound 189a is the desired cyclised and 
rearomatised product isolated in 7% yield. Compound 189b is also the result of a cyclisation, 
but followed by the addition of an isobutyronitrile radical originating from the initiator 
instead of the desired rearomatisation. Compound 189b was isolated in 6% yield. Finally, the 
acyclic reduced product 189c was isolated in 13% yield. 
n SePh Nc.-«0NR 
184, R = (CH2hPh 
1) BU3SnH, AIBN, 
110·C 
2) NaBH4, EtOH, rt 
• 
Ph Me 
N~_ 
+ NC' -V~~Ph 
189a, (7%) 189b, (6%) 
-0 H 
+ NC VN~Ph ( Ratio (a:b:c) = 1.5: 1 : 4 ) 
189c, (13%) 
Scheme 55: Cyclisation of an imidoyl radical onto pyrrole followed by reduction of the resulting imine. 
The isolated yields do not correspond entirely to the ratio of the products, which can be 
deduced from IH NMR spectroscopic analysis of the crude mixture to be (a: b: c) = 1.5: 1: 4. 
This is mainly due to difficulties separating compounds 189a and 189b, and most of all to the 
fact that compound 189c is highly polar, and thus, hard to separate from other baseline 
impurities. Furthermore, it should be noted that the crude yields achieved in these reactions 
have been approximately 70-80%, so a significant amount of material is lost during work-up. 
A likely reaction mechanism has been deduced from the product analysis (Scheme 56). After 
forming the imidoyl radical 190, the radical either abstracts a hydrogen atom from TBTH to 
form the uncyclised imine 191, which after reduction leads to the major product 189c, or 
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alternatively the desired attack of the radical onto the pyrrole 5-position can occur, giving 
radical 192, which also exists in the captodatively stabilised resonance form 193. Abstraction 
of hydrogen atom from radical 192 probably by the initiator leads to the rearomatised product, 
imine 194, which after reduction results in the desired product 189a. Formation of 194 
through attack of isobutyronitrile radical onto compound 192 to form imine 195 followed by 
loss of isobutyronitrile, is also a possibility. Finally, the formation of alkene 189b is the result 
of isobutyronitrile radical attack on the stabilised radical 193 to form alkene 196, which after 
reduction furnishes alkene 189b. 
-0 NaBH4 -0 NC ONR ~ NC lfNHR 
BU3SnH ~3sn. -O~ 191 189c 
NC U~R 
( R = CH2CH2Ph ) 
190 
t~ Ne NR 
·>-7 ~C(CN)Me2 195 
r. 
~ X· ~ ~ \. Ne N NR NaBH4 Ne N NHR Ne N NR " ~ ~ XH 
192 194 189a 
~ 
-D 1-CN N~ NC~ Ne • N NR Ne N NR NaBH4 Ne N NHR ~ ~ 
193 196 189b 
Scheme 56: Mechanism explaining products from imidoyl radical cyclisation onto a pyrrole. 
Since the major product of the reaction is the reduced product 189c, it appears that the main 
problem is that, the rate of hydrogen abstraction kH is higher than the cyclisation rate kc• Thus, 
we need to either reduce the hydrogen abstraction rate or increase the cyclisation rate 
significantly. Reduction of the hydrogen abstraction rate could be achieved by lowering the 
concentration ofTBTH, but since the reaction is already running under very dilute conditions, 
and with slow addition of TBTH, this does not seem practical. A different solution is to use 
hydrides in which the metal-hydrogen bond is stronger, such as germanium hydrides or 
silanes. Use ofhexamethylditin should eliminate hydrogen abstraction completely. 
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Therefore, a range of radical reagents and conditions were tested on two imidoyl selanide 
substrates, to see whether the yield of cyclised product could be increased. The results are 
shown in Table 2. 
Ne N ~ -fJu~ sep~R 1) Conditions 
2) NaBH4, 
EtOH, rt 
184, R = (CH2bPh 
185, R = p-tol 
189a 
197a 
189b 
197b 
Table 2: Cyclisation of imidoyl radicals onto activated pyrrole. 
Entry R Substrate Conditions8 Product Ratio
b 
~a:b:c~ 
-(CH2)2Ph 184 BU3SnH (slow addition), AIBN, 11, 5 h 189 1.5: 1: 4 
2 -(CH2)2Ph 184 TTMSSd, AIBN, 11, 5 h 189 2: 1: 8 
3 -(CH2)2Ph 184 BU2GeH2, AIBN, 11,14 h 189 
4 -(CH2)2Ph 184 (Me3Snh e, 11, hv, 48 h 189 
5 -p-tol 185 TTMSS (slow addition), AIBN, 11, 5 h 197 
189c 
197c 
Yield (%t 
(a/b/c) 
7/6113 
9/4/44 
010/22 
a 2 Equiv. of radical reagent and AIBN were used, 6 detennined from the lH NMR spectrum of crude product, 
C isolated yields after column chromatography, d 4 equiv. used, e 6 equiv. used. 
As discussed, slow syringe pump addition of TBTH to imidoyl selanide 184 with AIBN 
initiation resulted in some cyclised products, but the reduced imine 189c was the major 
product (Table 2, entry 1). Addition of 4 equivalents oftris-(trimethylsilyl)silane (TTMSS) at 
the start of the reaction gave a similar product ratio and yield (Table 2, entry 2), although 
there was an increase in acyclic reduced product. Dibutylgermanium dihydride (Table 2, entry 
3) reacted very slowly and only trace amounts of products were detected after 14 h of reaction 
time. The use of hexamethylditin and sunlamp irradiation (Table 2, entry 4) resulted in the 
disappearance of the starting material after 48 h, but there was only a small amount of basic 
products after reduction, and these were not identifiable. Finally, we were surprised to see, 
that syringe pump addition of TTMSS to N-aryl imidoyl selanide 185 followed by reduction 
resulted mainly in the formation of the uncyclised amine 197c. Only trace amounts of other 
products were isolated, and these could not be identified (Table 2, entry 5). 
Our subsequent studies using triethylborane to initiate imidoyl radical formation from imidoyl 
selanides indicate that a simplified product mixture may be obtained by use of 
triethylborane/oxygen initiation at room temperature instead of AIBN and heating. 
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Since it had proved difficult to improve the kclkH ratio by decreasing kH through altering the 
reaction conditions, it is necessary to increase the cyclisation rate kc to obtain higher yields of 
cyclised products. This can be achieved by increasing the reactivity of the radical or the 
radical acceptor. Efforts towards this are discussed in the following. 
2.4. Effects of reactivity changes to radical and radical acceptor 
2.4.1. Improving the reactivity of the radical 
There are indications in the literature, that aryl imidoyl radicals are more reactive than their 
alkyl counterparts.53 Thus, it was envisaged to cyclise aryl imidoyl radicals onto pyrroles in 
two ways. The first strategy involved fonning an "endo"-aryl imidoyl radical, such as 198, 
which after cyclisation and reoxidation would result in an endocyclic aryl-imine 199 (Scheme 
57). In an alternative strategy "exo"-aryl imidoyl radicals, such as 200, are generated and 
cyclised. The resulting imine 201 should tautomerise to the aromatic product 202. 
--fJ Ar 6-exo Z N e(.' ~~~ -[He] 
198 
--fJ N Z\S N~ 'R~ ~ -[He] 
Ih 
200 
-?rr~ Ar Z N ~~ 
199 
Z Z 
201 202 
Scheme 57: Two strategies for cyclising aryl imidoyl radicals onto a pyrrole. 
Synthesis of precursors of radical 198 was initially attempted via a Mitsunobu route as shown 
in Scheme 58. Treatment of toluoyl chloride with excess 2-ethanolamine furnished amide 203 
in 86% yield. A literature procedure98 used to couple benzylic alcohols with pyrrole-2-
carboxaldehyde using l,l-(azodicarboxylate)-dipiperidine (ADDP) and tributylphosphine was 
tried, but none of the desired product 204 could be isolated in our case. Instead, the ether 205 
appeared to be the major product. 
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o 
CI~ 2-ethanolamine 
I .. ~ DCM, rt 
(86%) 
Scheme 58: Attempted synthesis oCan "endo"-aryl amide precursor using a Mitsunobu type coupling. 
Two other routes to amide 206 were attempted as depicted in Scheme 59. The bromide 207 
was synthesised in quantitative yield by treating 2-bromoethylamine hydrochloride with 
toluoyl chloride and sodium hydroxide in aqueous solution. Unfortunately, treatment of this 
crude amide with pyrrole anion only resulted in dihydrooxazole 208 in 68% yield. It appears, 
that the pyrrole anion deprotonates the amide, which cyclises through the oxy-anion to give 
dihydrooxazole 208. 
+ -
207 
166%)/N'", NC-? t OMF. " 
0Y -0 . N~I NCNyCt C" I H I o ~N ~ 
208 
+ -0 NC N 
H 
o 
206 
Cl CY Et3N 1 DCM, rt rv' (5%) 
NaOH, TB~S, [ NC.-iQ 1 
MeCN,80·C I 
~NH2 
209 
Scheme 59: Synthesis oran "endo"-aryl amide precursor. 
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Instead, another literature method towards amine 209 was used. 99 The pyrrole was coupled 
with 2-bromoethylamine first, by treatment with sodium hydroxide and tributylammonium 
sulphate in refluxing acetonitrile to give crude amine 209. Without further purification this 
amine was treated with toluoyl chloride and triethylamine to furnish the desired amide 206, 
albeit only in 5% yield from pyrrole-2-carbonitrile. The low yield of amide 206 is most likely 
due to the first step, which resulted in several products. 
Having synthesised amide 206, conversion into the corresponding imidoyl selanide 210 was 
attempted (Scheme 60). Although TLC analysis of the reaction mixture indicated partial 
conversion to the imidoyl selanide 210, column chromatography repeatedly resulted in 
complete hydrolysis to amide 206. Attempts to generate "endo"-aryl imidoyl radicals were 
therefore abandoned. 
--0 NC N ~ ~~y0 
o 
206 
1) COCI2, DMF, DCM,rt 
2) (PhSeh. K-selectride 
THF, rt LI 
// .. 
ns~p~1 NC~N» ~ 
~~ 
210 
Scheme 60: Attempted selanation of an "endo"-aryl amide precursor. 
A precursor to a radical of type 200 (Scheme 57, page 2-38) has been synthesised following 
the route depicted in Scheme 61. 
Y)0 OMe _N_B_S_, A_I_BN-:J.~ I "'-'::: cyclohexane, ~ 80·C 
211 
215 
~o OMe Br I "'-'::: ~ 
212 (not isolated) 
1) COCI2, DMF, DeM, rt 
2) (PhSeh, K-selectride 
.. THF, rt 
(66%) 
p-toluidine ~ (38°/ ) DCC, HOBt 10 
DCM, rt 
214 
Scheme 61: Synthetic route towards an "exo"-aryl imidoyl radical precursor. 
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Methyl ortho-toluate 211 was brominated using N-bromosuccinimide/AIBN in cyclohexane, 
furnishing benzyl bromide 212. This crude compound was treated with pyrrole-2-carbonitrile 
and sodium hydride, followed by ester hydrolysis, resulting in acid 213. The acid was coupled 
with para-toluidine resulting in amide 214. Finally, the amide was converted to the imidoyl 
selanide 215 in good yield. 
Apart from the potential electronic effects of the a-aryl group in precursor 215, it also "sets 
up" the radical to cyclise better due to removal of several degrees of freedom in the 
carbocycle being generated. Thus, the imidoyl selanide 215 was subjected to cyclisation 
conditions analogous to previously, but none of the expected product 216a could be isolated. 
(Table 3, entries 1-2). When using TTMSS (Table 3, entry 2) IH NMR spectroscopic analysis 
of the crude reaction mixture showed a 1: 1 mixture of two products. However, repeated 
column chromatography of the mixture only resulted in the partial isolation of, what is 
believed to be, the addition product 216b in less than 16% yield. The structure of the second 
product could not be determined. 
Entry 
1 
2 
215, R = p-tol 
Conditions 
.. 
Ne 
+ 
216a 216b 
Table 3: Attempted cycIisation of an "ao"-aryl imidoyl radical. 
R Substrate Conditions8 Product 
p-Tol 215 BU3SnH (slow addition), AIBN, !J., 5 h 216a 
p-Tol 215 TTMSS, AIBN, !J., 5 h 216a 
82 equiv. of hydride and AIBN were used, b compound 216b was partially isolated in <16% yield. 
Yield (%) 
0 
Ob 
Having had limited success in obtaining good yields of cyclised products through changing 
the reaction conditions and the nature of the imidoyl radical, we turned to the synthesis of 
precursors with a more reactive radical acceptor moiety. 
2.4.2. Improving the reactivity of the radical acceptor 
In the cyclisation precursors, replacing a 2-substituted pyrrole with a 3-substituted indole 
should improve the cyc1isation rate kc for two reasons. Firstly, the indole double bond is less 
aromatic than the corresponding pyrrole double bond, which renders it more reactive. 
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Secondly, having the electron withdrawing group in a position f3 to the point of attack in the 
cyclisation, should also improve the reactivity further. Hence, we synthesised the indole 
substituted imidoyl selanide 217 via a route analogous to the pyrrole substrates as shown in 
Scheme 62. 
~CN 
~CN 1) NaH, DMF, rt V __ ~ + Br~OMe 2)LiOH,H20,EtOH~rt 
N 0 ~~ 
V __ ~ 
N 
~OH H 
217 
1) COCI2, Cat DMF, DCM, rt 
2) (PhSeh, K-Selectride 
THF, rt 
.. 
(67%) 
218 0 
HN~Phl ~CC, HOBt (90%) 
DCM, rt 
~CN 
V __ ~ 
N H ~N'-./""'-Ph 
o 
219 
Scheme 62: Synthesis of an imidoyl radical precursor tethered to an activated indole. 
Deprotonation of indole-3-carbonitrile with sodium hydride, followed by coupling with 
methyl 4-bromobutyrate and ester hydrolysis provided the acid 218. This was followed by a 
DCC coupling with 2-phenethylamine providing amide 219. Finally, conversion of amide 219 
to the corresponding imidoyl selanide 217 proceeded in 67% yield. 
When attempting to cyclise the imidoyl selanide 217 followed by imine reduction, it resulted 
in a multitude of products by TLC and IH NMR spectroscopic analysis. None of the desired 
amine 220 could be isolated. 
217 
1) BU3SnH, AIBN 
PhMe, ~ 
2) NaBH4' EtOH, rt 
~ 7 
220 
Scheme 63: Attempted imidoyl radical cyclisation onto an indole followed by reduction. 
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One reason for the large number of products observed could be that, the alkyl radical 
generated upon cyclisation abstracts a hydrogen atom or reacts with isobutyronitrile radical 
instead of rearomatising. After reduction the resulting compound would contain three 
stereocenters, which would result in up to four diastereoisomers. 
Hence we repeated the reaction, but hydrolysed the cyclisation products instead of reducing 
them (Scheme 64). This resulted in much fewer reaction products, and the cyclised and 
rearomatised product 221 was isolated in 14% yield. The only other product isolated was the 
precursor amide 219, which is a result of hydrolysis ofunreacted starting material. 
1) BU3SnH, AIBN 
PhMe,t. 
2) HCI, H20, MeOH, rt 
.. 
221, (14%) 
o 
+ 
219, R = (CH2hPh (5%) 
Scheme 64: Imidoyl radical cyclisation onto an indole followed by hydrolysis. 
2.5. Conclusion 
Intramolecular homolytic substitution reactions of imidoyl radicals onto pyrroles and indoles 
have been studied. Thioamide precursors were synthesised, but the a-thioaminoalkyl radicals 
derived from these were not reactive enough and did not participate in 6-exo cyclisation onto 
an activated pyrrole under various conditions. This is in agreement with the findings of 
Bachi's group.52 
A novel facile protocol to convert amides to imidoyl selanides has been used to make these 
imidoyl radical precursors. Thus, amides were converted to imidoyl chlorides using phosgene 
and reacted with phenyl selanate generated in situ by reductive cleavage of diphenyl 
diselanide. The imidoyl radicals derived from imidoyl selanides did cyclise 6-exo onto 
activated pyrrole and indole, however yields were generally low due mainly to competing 
reduction of the imidoyl radical, but also due to adduct formation with isobutyronitrile 
radicals originating from the initiator. Although these reactions could be further optimised to 
perhaps improve yields of cyclised products, it was decided to bring this part of the project to 
a close and move on with more promising chemistry. 
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Chapter 3. Imidoyl radical cyclisation onto alkenes 
synthesis of indoles and quinolines 
In this chapter experiments involving the cyclisation of imidoyl radicals onto alkenes are 
presented. After a short introduction the synthesis of the imidoyl selanide precursors is 
described. This is followed by the results of cyclising the imidoyl radicals onto alkenes to 
form indole and quinolines. Finally, the effects of increased substitution on the alkene radical 
acceptor are discussed. 
3.1. Introduction 
The importance of the indole nucleus in nature is well known. Apart from being part of the 
essential amino acid tryptophan, it also represents the nucleus of a vast amount of both toxic 
and remedial plant and animal alkaloids. 100 Tryptamine is derived from tryptophan, and the 
reaction of this amine with a host of terpenoid derivatives, often catalysed by enzymes, is 
responsible for a major class of alkaloids, namely the monoterpenoid indole alkaloids. Some 
important examples are shown in Figure 3 along with tryptamine. 
tryptamine 
biosynthetic indole 
alkaloid precursor 
(-)-strychnine 
a well known poison 
and pestiCide 
MeO 
vinblastine 
an important anti-
cancer alkaloid 
Figure 3: Tryptamine and two important examples ofmonoterpenoid alkaloids. 
As described in the introduction, cyclisations of imidoyl radicals or equivalents onto alkenes 
to furnish indoles have already been studied. Thus, radicals derived from isonitriles,33 
thioamides56 and imidoyl tellurides72 have been shown to cyclise and afford various indoles in 
good yields. These approaches have also been used towards the synthesis of several indole 
alkaloids including strychnine. 57 However, the approaches reported so far have some 
limitations. The addition of tributyltin radical to isonitrile precursors results in 2-stannyl 
indoles. Therefore, an additional palladium catalysed Stille coupling has to be employed to 
introduce a 2-substituent other than stannyl. When using thioamide precursors the 
intermediate radical is less reactive, and thus, pure cis-alkenes had to be employed to obtain 
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good yields at room temperature. This led to several extra steps in the precursor synthesis. 
Furthermore, aryl and alkynyl thioamides did not react, due to further stabilisation of the 
intermediate radical. Finally, the imidoyl telluride approach afforded 2-aminomethyl indole 
derivatives only. The synthesis of one indole using an imidoyl selanide precursor has been 
reported, but the scope was not studied in this case, as the indole was only prepared to 
compare rates of cyclisation and a-fragmentation. 69 
Therefore we set out to synthesis a range of 2,3-substituted indoles, using our novel protocol 
to generate the imidoyl radicals via imidoyl selanides. It was hoped that this protocol would 
address some of the limitations of the previously reported routes employing imidoyl radicals. 
The retrosynthesis of indoles from o-nitrobenzaldehyde is shown in Scheme 65. In order to 
study the scope ofthe protocol we chose varying substituents in the RI and R2 position. As the 
RI group we had EWG, EDG and aryl groups in the form of an ester, propyl and phenyl group 
respectively. In the R2 position we inserted alkyl, aryl and benzyl substituents. 
R1 c(R1 c(R1 radical radical crS=R2 cyclisation formation I~ 0 c:::=> I ~ • c:::=> ~ N ~ N)lR2 H .0 N~R2 H 
222 223 224 II amide 
coupling 
0 c(R1 c(R1 
eX Wittig nitro group I~ olefination reduction ~ I~ ~ I~ 
.0 N02 .0 N02 ~ NH2 
226 225 
Scheme 65: Retrosynthesis of2,3-substituted indoles via imidoyl radical cyclisation. 
The indoles 222 are obtained from the intramolecular 5-exo-trig cyclisation of imidoyl 
radicals 223 and subsequent reduction by TBTH. The imidoyl radical is generated from the 
amide 224, via our imidoyl selanation procedure. The amides originate from the coupling of 
various acid chlorides with o-alkenyl anilines 225, which are derived from the nitro analogues 
226. The o-nitrostyrenes 226 are made through Wittig olefination of the commercially 
available o-nitrobenzaldehyde. 
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Some initial conjugate additions to ester substituted alkenes had been performed within the 
Bowman group. Amides 227 were converted to imidoyl selanides 228 followed by cyclisation 
to give indoles 229 (Table 4). The alkenes were mixtures of eis/trans isomers. 
d l :O'E:l COCI, DMF, DCM,. ~ J:~;:t ",,snH, AI"N I 0 )l 2 2) (PhS~)2. K-selectri~e, U~,A 2 PhMe, t., 5h-' N R THF, rt N R 
H 
227a-d 228a-d 229a-d 
Table 4: Conversion ofamides to indoles via imidoyl selanides.a 
Entry Amide R2 Imidoyl selanide Yieldb (%) Indole Yieldb (%) 
227a Me 228a 50 229a 98 
2 227b Bn 228b 23 229b 98 
3 227c p-Tol 228c 64 229c 95 
4 227d p-CIPh 228d 67 229d 92 
• Reactions perfonned by Dr. A. Fletcher, b isolated yields. 
The yields of the imidoyl selanides 228 are moderate to good, except when R2 is a benzyl 
group (Table 4, entry 2). The yields of cyclisations to form indoles 229 are all excellent 
(Table 4, entries 1-4). The high yields of these cyclisations are due to the electron deficient 
ethyl acrylate being an excellent radical acceptor for the electron-rich nucleophilic imidoyl 
radical. Two equivalents ofTBTH and one equivalent of AIBN were used. Tributyltin hydride 
was added via syringe over 5 h to keep the concentration low enough to avoid hydrogen 
donation to the imidoyl radical prior to cyclisation. 
3.2. Synthesis of radical precursors 
To expand the scope of these reactions we set out to repeat them under similar conditions 
using non-activated alkenes. An amide precursor with a propyl group attached to the alkene 
was synthesised (Scheme 66). Starting from 2-nitrobenzaldehyde the olefin 230 was 
synthesised as a mixture of eis/trans isomers using a Wittig reaction. The nitro group was 
reduced using iron powder and acetic acid to give amine 231, which was converted to the 
acetamide 232a using acetyl chloride. 
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cC? Sr-I ~ NaH, Ph3~~ ---...,;.--~ .. ~ .0 N0
2 
THF, 66°C 
(92%) 230 
Fe,AcOH 
.. 
EtOH,~ 
(90%) 231 
acetyl Chloride! DCM, rt 
Et3N, DMAP (69%) 
232a 
Scheme 66: Synthesis of an o-butenylanilide from o-nitrobenzaldehyde. 
Amide 232a and four additional amides (232b-c and 233a-b) provided by Dr. A. Fletcher 
were converted to imidoyl selanides 234a-c (Table 5, entries 1-3) and 235a-b (Table 5, entries 
4-5). All of the alkenes were mixtures of cisltrans isomers. Thus, both propyl- and phenyl-
substituted alkenes were provided. 
Entry 
1 
2 
3 
4 
5b 
c(R1 R1 I 1) COCI2, cat. DMF, DCM, rt c( 2) (PhSeh K-selectride, I I ~ 0 THF, rt . " S Ph )l -------l .. ~ I" e 
.0 N R2 /. ~I // N~R2 
H 
232a-c (R1 = Propyl) 
233a-b (R1 = Ph) 
234a-c (R1 = Propyl) 
235a-b (R1 = Ph) 
Table 5: Conversion of o-alkenyl anilides to imidoyl selanides. 
Amide RI R2 Imidoyl selanide 
232a Propyl Me 234a 
232b Propyl Bn 234b 
232c Propyl p-Tol 234c 
233a Ph Me 235a 
233b Ph p-Tol 235b 
a Isolated yields, b reaction performed by Dr. A. Fletcher. 
Yielda (%) 
43 
27 
52 
68 
41 
Again the benzyl substituted amide 232b converted to the imidoyl selanide 234b in poor 
yield, as was the case for amide 227b (Table 4 and Table 5, entry 2). To try and understand 
this low yield, the model benzyl substituted amide 236 was converted to imidoyl selanide 237 
(Scheme 67). 
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1) COCI2. cat. DMF. DeM. rt 
2) (PhSeh K-selectride. 
THF. rt . 
(49%) 
236 237 
Scheme 67: Synthesis ora model benzyl substituted imidoyl selanide. 
IH NMR spectroscopic analysis of the intermediate imidoyl chloride after treatment with 
phosgene for 4, 8 and 24 h all revealed a 1.5: 1 ratio of amide/imidoyl chloride at all times, 
probably due to chloride hydrolysis during evaporation of the solvent. Hydrolysis in the NMR 
tube could not be detected, but the addition of a drop of D20 resulted in complete hydrolysis 
of the chloride in less than 20 minutes. No other by-products were detected, which indicates 
that these benzyl imidoyl chlorides are simply more sensitive to hydrolysis, and therefore the 
imidoyl selanides are obtained in lower yields. This could be due to deprotonation of the 
imidoyl chloride at the benzylic position by for example phenyl selanate to afford an unstable 
ketimine after elimination of HCI. Careful and fast purification of imidoyl selanide 237 
resulted in a 49% yield, indicating that optimisation can improve on these reactions. 
3.3. Imidoyl radical cycIisations onto alkenes 
3.3.1. Cyclisations using low tributyltin hydride concentration 
Having prepared a range of precursors we cyclised these using the same conditions as for the 
acrylates, namely slow addition of TBTH with AIBN initiation in refluxing toluene. We 
initially examined the cyclisation onto the propyl substituted alkenes. The products and yields 
of these reactions are given in Table 6. 
It is apparent from the results that these reactions primarily result in the formation of 
quinolines, unlike the acrylates where the formation of indoles was almost quantitative (Table 
4, page 3-46). For R2 = Me, the expected indole 238a was isolated in only 9% yield, whereas 
the quinoline 239a was isolated in 35% yield (Table 6, entry 1). For R2 = benzyl and p-
toluoyl, quinolines 239b and 239c were isolated (Table 6, entries 2 and 3), the latter including 
the depropylated quinoline 240c. Other unidentifiable products were also present among the 
crude reaction products. 
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234a-c 
BU3SnH, AIBN, 
.. 
PhMe, L\, 5h 
238a-c 239a-c 240a-c 
Table 6: Product distributions from imidoyl radical cyclisation at low TBTH concentration. 
Entry Imidoyl selanide R2 
234a Me 
2 234b Bn 
3 234c p-Tol 
Yieldsa (%) 
238 239 
9 35 
22 
39 
240 238 : 239 : 240 
I : 2: _ c 
1 : 3 : _ c 
6 1:4:3 c 
a isolated yields, b Ratios detennined from lH NMR spectroscopic analysis of crude, C other 
unknown products were also present. 
Quinolines would at first glance appear to result from the unfavourable 6-endo-trig 
cyclisation onto the alkene followed by hydrogen abstraction. However, the mechanism given 
in Scheme 68 is more likely to be the explanation for the unexpected product distribution. 
a- R1 = EDG 
• a+ R1 = EWG 
OiR2 BU3SnH /, . 
N:1 
238a-c 
~ ~N~R2 
240a-c 
Scheme 68: Mechanistic proposal explaining the formation of indoles and quinolines. 
The imidoyl radical 223 attacks the alkene through a 5-exo cyclisation to form alkyl radical 
241, which can be reduced by excess tributyltin hydride to form the desired indoles 238a-c. 
Alternatively, radical 241 can undergo a neophyl-like rearrangement through the strained 
aminyl radical 242 to form radical 243. The aromatisation of radical 243, via loss of either 
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hydrogen or a propyl radical, results in the formation of quinolines 239a-c and 240c 
respectively. Reversibility of the 5-exo cyclisation of imidoyl radical 223 followed by 6-endo 
cyclisation to form radical 243 directly cannot be ruled out as an alternative mechanism. The 
loss of propyl radical rather than hydrogen during aromatisation is unusual, but a similar loss 
of isopropyl radical has been reported by Curran's group.24 
The polarity of the intermediate cyclised radical 241 is obviously important to explain the 
difference in these radicals behaviours when RI = C02Et and RI = propyl (Scheme 68). In the 
former the cyclised radical 241 (RI = C02Et) is electrophilic due to the electron withdrawing 
effect of the ester group. Therefore, the rate of reaction between radical 241 (RI = C02Et) and 
the nucleophilic TBTH is much faster than for the nucleophilic intermediate 241 (RI = 
propyl). Likewise, the rate of 3-exo cyclisation onto the electrophilic imine carbon will 
depend on the polarity of radical 241. The electrophilic radical 241 (RI = C02Et) will cyclise 
very slow, if at all, whereas the nucleophilic radical 241 (RI = propyl) will cyclise at a much 
higher rate. Therefore, when RI = C02Et we observe no rearrangement, even at low 
concentrations of TBTH. Conversely when RI = propyl the 3-exo cyclisation is sufficiently 
fast to compete with hydrogen abstraction from TBTH at low concentrations. 
The aromatisation step is also of mechanistic significance. The homolytic aromatic 
substitution reactions described in Chapter 2 include a rearomatisation step as part of the 
mechanism. The formation of quinolines in this reaction is not homolytic aromatic 
substitution (Scheme 68), as the initial cyclisation is onto a non-aromatic alkene, however, it 
does contain a similar aromatisation step. We propose that this aromatisation is also facilitated 
by AIBN initiator or breakdown products therefrom, as has been discussed for the homolytic 
aromatic substitution reactions. The driving force for this aromatisation is obviously strong, as 
it allows for the elimination of propyl radical from radical 243 (RI = propyl) to give quinoline 
240c. 
3.3.2. Cyclisations using high trihutyltin hydride concentration 
Increasing the concentration oftributyltin hydride in these reactions should increase the yields 
of indoles due to the trapping of radical 241 (Scheme 68) prior to rearrangement. This is on 
the condition, that the 5-exo cyclisation of imidoyl radical 223 is fast enough to avoid 
trapping this radical, thereby forming the uncyclised imine. Increased yields of indoles would 
also support the above mechanism, since it would prove the existence of the intermediate 
radical 241. 
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Hence these reactions were repeated using high tributyltin hydride concentrations, i.e. all the 
TBTH was added at the beginning of the reaction. We applied these conditions to the 
cyclisation onto both propyl- and phenyl-substituted substrates 234 and 235 respectively. The 
results are shown in Table 7: 
R1 
I~ ~ f I SePh U~,A N R2 
234a-c (R1 = Propyl) 
235a-b (R1 = Ph) 
BU3SnH, cat. AIBN 
.. 
PhMe, ~, 30 min. 
R1 ~'R2 VlN}-
H 
238a-c (R1 = Propyl) 
244a-b (R1 = Ph) 
Table 7: Synthesis of indoles using imidoyl radical cyclisation at high TBTH concentration. 
Entry Imidoyl selanide RI Ri Indole Yield" (%) 
234a Propyl Me 238a 73b 
2 234b Propyl Bn 238b 52 
3 234c Propyl p-Tol 238c 66c 
4 235a Ph Me 244a 80 
5d 235b Ph p-Tol 244b 70 
a isolated yields, b a trace amount of quinoline 239a was detected «5%), c indole 238c was not stable in 
solution and was only partially characterised, d reaction perfonned by Dr. A. Fletcher. 
These reactions resulted in much higher isolated yields of the indoles (Table 7, entries 1-5), 
thereby expanding the scope of this indole preparation and supporting the mechanism 
suggested in Scheme 68. Furthermore, the reactions go to completion in approximately 30 
min and the amount of AIBN used has been reduced to 0.1 equivalents. Although the yields 
are good, they are lower than for the electron deficient alkenes, as could be expected as 
imidoyl radicals are nucleophilic. No uncyc1ised imines were isolated or observed in any of 
the reactions despite of the concentration of TBTH being high. Again the imidoyl radicals 
nucleophilicity means it abstracts hydrogen from the nucleophilic TBTH slower than it 
cyclises. 
Cyclisation of imidoyl selanide 234a bearing a cis/frans butenyl acceptor was carried out 
under a range of conditions. The results are shown in Table 8. Using tributyltin hydride 
initiated by triethylborane/oxygen appeared to be the best and easiest conditions to use in 
these cyclisations (Table 8, entry 2). This reaction proceeded as fast as the AIBN initiated 
reactions in refluxing toluene, and the yields was slightly better. This is in contrast to the 
results obtained when using thioamide precursors, where room temperature cyclisation only 
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occurred when using cis-alkenes. The triethylborane initiated reactions have the advantage of 
being room temperature reactions and without the rigorous exclusion of oxygen. 
Tris-(trimethylsilyl)silane (TTMSS) was apparently too slow to abstract the phenylselanide at 
room temperature and no reaction occurred (Table 8, entry 3). Further studies are required to 
clarify this lack of reaction with TTMSS. Aqueous hypophosphorous acid/AIBN, used 
successfully on thioamide precursors, resulted in hydrolysis of the imidoyl selanide rather 
than cyclisation (Table 8, entry 4). 
ce:
'-.../ 
I ~ SePh ~ N~ 
234a 
Conditions. ~ , 
H 
238a 
Table 8: Imidoyl radical mediated synthesis of indole under various conditions. 
Entry Conditions Yield (%) 
BU3SnH, AIBN, PhMe, 110 cC, 1 h 73 
2 BU3SnH, Et3B/02, PhMe, 20°C, 1 h 81 
3 TTMSS, Et3B/02, PhMe, 20°C, 18 h a -
4 H3P021H20, Et3N, AIBN, n-PrOH, 1 h b 
a No reaction by TLC analysis, b Hydrolysis to amide 232a occurred. 
The stereochemical configuration of the imidoyl selanide could be crucial in these reactions, 
as the E configuration of the imidoyl radical (223E) is required for cyclisation to take place 
(Scheme 69). 
223E 223Z 
Scheme 69: Possible configurational equilibrium of imidoyl radicals. 
Vinyl radicals are well known to equilibrate fast between cis and trans isomers, with an 
interconversion barrier of less than 5 kcal/mo1. 1ol Therefore, equilibration to the required 
conformation for cyclisation can be assumed to take place. However, little has been reported 
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on the conformational stability of imidoyl radicals. Calculations based on unsubstituted 
imidoyl radical ·CH=NH indicate that the E configuration is preferred by ca. 2.5 kcal/mol and 
that the barrier of interconversion is approximately 10 kcal/mo1.4 Based on steric grounds it 
would be expected that the same preference is observed for our substituted radicals 223. 
To clarify whether the imidoyl selanides are in an E or Z configuration with respect to the 
C=N bond, a crystal structure of selanide 234c was obtained (Figure 4). As shown, the 
imidoyl selanide prefers the Z-configuration. This means, that on formation of the radical 223 
(Scheme 69) these systems are set up to cyclise immediately, with no rotation around the C=N 
bond necessary. 
234c 
Figure 4: Crystal structure of an imidoyl selanide (E-alkene, Z-imidoyl selanide) 
Other crystal structures obtained by us have confirmed that the Z- configuration is the 
configuration which is generally preferred. This configuration is perhaps surprising, as one 
would expect the bulky phenyl selanide group to prefer to be trans to the N-aryl group. 
Although modelling studies on compound 234c have not been performed, the steric bulk may 
be considerably reduced because of the length of the C-Se bond being 1.95 A, whereas the 
corresponding C-C bond between the imine carbon and toluoyl group [C(8)] is 1.48 A. 
Another explanation could be electronic effect, where the selenium electron lone pairs repel 
the lone pair on the imine nitrogen, thereby increasing the energy of the E-configuration. 
There does not appear to be any explanation for the Z-configuration arising from the 
mechanism of formation ofthe imidoyl selanide from the imidoyl chlorides. 
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3.4. Effects of the alkene substitution pattern 
To further examine the regioselectivity of these intramolecular cyclisations of imidoyl 
radicals onto alkenes, we synthesised a range of precursors with substituents in the "5-exo 
position" of the alkene, namely I, I-disubstituted and 1,1 ,2-trisubstituted alkenes. Upon 
cyclisation of these, mixtures of 3H-indoles and quinolines were expected resulting from 
competing 5-exo and 6-endo cyclisation respectively. 
3.4.1. Synthesis of radical precursors 
Initially we synthesised the amide 245 bearing a 1,1,2-tri-substituted alkene, using a route 
analogous to the Wittig approach used previously (Scheme 70). Starting from 0-
nitroacetophenone the yield of the initial Wittig reaction was surprisingly low. Several 
attempts to optimise the conditions were made, but the alkene 246 was produced in low yield, 
and it was furthermore inseparable from residual triphenylphosphine. The nitro group was 
reduced to furnish the corresponding amine, which upon treatment with acetyl chloride and 
base yielded pure amide 245 as a mixture of EIZ isomers. However, the overall yield of amide 
245 was 2% from o-nitroacetophenone, and as a consequence, a more facile route to similar 
precursors was adopted. 
Br-~ NaH, Ph3~ 
THF,66°C 
246 (not isolated) 
1) Fe, AcOH, EtOH, ~ 
2) acetyl chloride, Et3N 
DMAP, DCM, rt 
245 (2% overall) 
Scheme 70: Low yielding synthesis of an amide cyclisation precursor bearing a tri-substituted alkene. 
Instead we started from methyl 2-aminobenzoate 247 and treated it with two equivalents of 
methylmagnesium bromide to furnish alcohol 248 (Scheme 71). Dehydration of the tertiary 
alcohol to make alkene 249 was followed by acylations giving amides 250a and 250b. The 
amide 251 bearing a tri-substituted alkene had been synthesised within the Bowman group 
using the same route, only replacing methylmagnesium bromide with ethylmagnesium 
bromide in the initial Grignard reaction. 
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analogous rouI~ 
usin ElM srj,\ """ { / 
CCN~O 
H R 
251 (R1 = p-tol) 
p-TSA 
Ph Me, 110·C 
248 
(92%) 
~ UNH~ 
249 
CI)lR1! DCM, rt 
Et3N, DMAP 
c60 H R1 
250a (R1 = Me), 72% 
250b (R1 = p-tol), 67% 
Scheme 71: Synthesis of amide cyclisation precursors with substituents in the "5-exo position". 
Finally, we were interested in cyclisations onto cyclic alkenes, with the synthesis of spiro-3H-
indoles in mind. Thus, the amide 252 was synthesised (Scheme 72). 2-Iodoaniline was treated 
with formic acid in refluxing toluene to give the formamide 253. The nitrogen on formamide 
253 was deprotonated with sodium hydride followed by treatment with butyllithium to give a 
di-anion, which upon treatment with cyclohexanone provided the alcohol 254, This alcohol 
was dehydrated using dilute Hel in refluxing ethanol, which also hydrolysed the formamide 
moiety to give the amine 255. These three steps were performed by adapting a literature 
procedure. 102 Acetylation with acetyl chloride gave the desired amide 252. 
(XI C( NaH, BuLi C(9 formic acid I 0 N-{O cyclohexanone I : N---'(O I .. .. o NH2 Ph Me, 110·C THF, -78·C 
(73%) H H (57%) H H 
253 254 
5MHCI~ BOH,. 
(51%) 
cS acetyl chloride d? Et3N, DMAP I~ Ill( DCM, rt o NH2 H R1 (75%) 
252 (R1 = Me) 255 
Scheme 72: Synthesis of an amide cyclisation precursor bearing a cycJohexene radical acceptor. 
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The four amides provided 250a-b and 251-252 were converted to the corresponding imidoyl 
selanides 256a-b and 257-258 as shown in Table 9. 
1) COCI2 cat. DMF d.R2 
DeM,'rt I 
2) (PhSe)z K-selectride 
THF, rt ' • I ~ R3sePh 
// N=( 
256a-b 
257 
258 
R1 
+ 
259a-b 
260 
261 
Table 9: Synthesis of imidoyl selanides bearing alkenes with substitution in the "5-exo position" 
Entry Amide RI R2 R3 Imidoyl selanide Yielda (%) 
250a Me H Me 256a 26 
2 250b p-Tol H Me 256b 42 
3 251 p-Tol Me Et 257 10 
4 252 Me -(CH2k 258 27b 
a isolated yields, b quinoline 261 isolated in 55% yield. 
The yields of the imidoyl selanides 256-257 were generally low (Table 9, entries 1-4). This is 
most likely due to the formation of quinolines 259-261 via the intermediate imidoyl chlorides 
(Scheme 73). The quinolines are generated via attack of the electron rich alkenes onto the 
imidoyl chlorides. This results in the relatively stable cationic species 262 which eliminates 
HCI to form the quinolines. This theory was supported by the isolation of quinoline 261 in 
55% yield (Table 9, entry 4). 
~~~ ~NAR1 
262 259-261 
Scheme 73: Conversion of imidoyl chlorides to quinolines. 
Due to the low yields of imidoyl selanides 256a-b and 257 these precursors were only 
partially characterised prior to cyclisation. Although the yields of the imidoyl selanides could 
undoubtedly be optimised by reducing the reaction time for the generation of the imidoyl 
chlorides to a minimum, this was not considered a priority. The imidoyl selanides were stable 
once formed and did not convert to the respective quinolines. 
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3.4.2. Imidoyl radical cyclisations onto hindered alkenes 
The imidoyl selanides 256-258 were reacted with TBTH using triethylborane initiation at 
room temperature (Table 10). In order to obtain good yields of quaternary 3H-indoles, the 
reactions were carried out using high TBTH concentration. However, to our surprise the 
cyclisations onto the non-cyclic alkenes resulted in quinolines 259a-b and 260 in high yields 
(Table 10, entries 1-3). No 3H-indole products could be detected in the crude reaction 
mixtures by IH NMR spectroscopic analysis. These oxidative cyclisations were also very 
slow at room temperature, and 48 h of reaction time was required for the starting material to 
be consumed. The addition of 5-10 equivalents of triethylborane at the beginning of the 
reaction and after 24 h, preceded by deoxygenation, was also a necessity. The large amount of 
initiator required indicates a non-chain mechanism and participation of the initiator in the 
aromatisation of the products. 
The cyclisation onto cyclohexene resulted in a complex mixture of products (Table 10, entry 
4). The quinoline 261 was known, as it was a by-product in the previous step to make the 
imidoyl selanide. It was therefore recognisable during IH NMR spectroscopic analysis of the 
crude reaction mixture, and the yield was estimated to be approximately 10%. Column 
chromatography resulted in a 1:2 mixture of quinoline 261 and another product, which had a 
IH NMR spectrum compatible with the spiro-3H-indole 263. Unfortunately further column 
chromatography resulted in the apparent breakdown of this compound to other products, and 
thus, it was not isolated. 
259a-b 
260 
261 263 
Table 10: Cyclisation ofimidoyl radicals onto alkenes hindered in the "5-exo position" 
Entry Imidoyl selanide RI R2 R3 Quinoline Yields (%) 
253a Me H Me 259a 80 
2 253b p-Tol H Me 259b 73 
3 254 p-Tol Me Et 260 76 
4" 255 Me -(CH2)4- 261 lOb 
" A complex mixture of products was obtained, b calculated from lH NMR spectroscopic analysis of crude 
reaction mixture. 
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Disregarding the cyclic alkene, all of these cyclisations resulted in high yields of quinoline 
products. Since these reactions are performed at high concentrations of TBTH, it is very 
unlikely that the rearrangement described earlier (Scheme 68, page 3-49) to form quinolines 
has time to take place. It is much more likely that due to the increased hindrance in the "5-exo 
position" of the alkene, the imidoyl radicals 264 prefer to cyclise 6-endo-trig followed by 
oxidation of radical 265. The aromatisation is most likely facilitated by hydrogen abstraction 
by ethyl radical originating from the initiator, to form quinolines 259-261(Scheme 74). 
R3 R3 R3 ocr 6-endo ro 2 Et· 06( 10 1 ~ ~. R~ N- (kendo » kexo) I 0 N~ ~1 EtH ~ I N~ R1 \1 R 
264 265 259-261 
Scheme 74: Formation of quinolines via oxidative 6-endo cyclisation of imidoyl radicals. 
The slow non-chain reaction provides evidence for exclusive 6-endo cyclisation. The stable 
benzylic n-radicals 265 will react slowly if at all with TBTH. Therefore, the chain reaction is 
inhibited and the slower hydrogen abstraction takes place to form quinolines 259-261. No 3,4-
dihydroquinolines were observed in these reactions, supporting the theory that the radical 265 
is stable towards reduction by TBTH. Also, most of the large amount of homolytic aromatic 
substitution reactions mediated by TBTHlAIBN (see Chapter 2.1) yield only rearomatised 
products upon cyclisation, showing that the reduction of n-radicals by TBTH does no take 
place. 
Although some 6-endo cyclisation products were expected in these reactions, it was surprising 
to see a complete switch in regioselectivity from 5-exo to 6-endo. Beckwith has studied the 
kinetics of intramolecular alkyl and aryl radical cyclisation onto alkenes, including the 
competition between 5-exo-trig and 6-endo-trig cyclisation (Scheme 75).103,104 For alkyl 
radicals 266 there is a clear switch in regioselectivity when a substituent is introduced in the 
"5-exo position" of the alkene. Thus exo cyclisation is more than 50 times faster than endo 
cyc1isation for an unsubstituted alkene, whereas endo cyclisation is almost twice as fast as exo 
cyc1isation when a methyl group is introduced in the "5-exo position". As expected, the 
change in regiose1ectivity when the substituent is introduced is due to a large rate decrease in 
the 5-exo cyclisation, whereas the 6-endo cyclisation rate is increased by less than one order 
of magnitude. In contrast, the cyclisations of the much more reactive Sp2 centred aryl radicals 
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267 are less dependent on the substitution pattern of the alkene (Scheme 75). In this case both 
the 5-exo and 6-endo rate change less than an order of magnitude when introducing the 
methyl substituent, and thus, the 5-exo cyclisation is highly favoured for both substrates. 
R'(J -.. R6 + RD 
266 
R=H kexo = 2.3><105 kendo = 4.1><103 
R=Me kexo = 5.3><103 kendo = 9.0><103 
R'(X)_ R60 Rt):) + I 
o ~ o ~ 
267 
R=H kexo = 5.3><109 kendo = < 5><107 
R=Me kexo = 1.7><109 kendo = 3.6><107 
Scheme 75: Competition between 5-exo-trigI6-endo-trig cyclisation of alkyl and aryl radicals. 
Although imidoyl radicals are Sp2 centred radicals, their reactivity in terms of cyclisation rates 
lie closer to that of Sp3 centred alkyl radicals. Thus, as mentioned earlier, the rate of 5-exo-trig 
cyclisation of a thio-imidoyl radical onto an alkene has been measured to be 2.4x104 S·l. The 
results obtained in our experiments indicate, that the regioselectivity of imidoyl radicals also 
lies closer to that of alkyl radicals as compared to aryl radicals. 
3.5. Conclusion 
The cyclisation of imidoyl radicals onto alkenes has been studied for the purpose of 
synthesising 2,3-substituted indole derivatives. The imidoyl radicals were derived from 
imidoyl selanides, which were synthesised from amides using our novel protocol. Conversion 
of amides to imidoyl selanides proceeded in moderate to good yields except when benzylic 
amides were employed. Conversion of these substrates resulted in poor yields, most likely due 
to higher sensitivity towards hydrolysis during purification. 
Cyclisation of imidoyl radicals onto electron-rich alkenes usmg low concentrations of 
tributyltin hydride resulted mainly in the formation of quinolines. A mechanism involving 5-
exo cyclisation followed by a neophyl-like rearrangement was proposed to explain this. The 
proposed mechanism suggested that using high concentrations of tributyltin hydride would 
increase the yields of indole products. This was confirmed experimentally and a range of 2,3-
substituted indoles were prepared in good yields. Importantly, the cyclisations onto cisltrans 
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isomers of the alkenes proceeded in good yields, unlike the synthesis using thioamide 
precursors where pure cis alkenes were required. A crystal structure of an imidoyl selanide 
was obtained showing they prefer the Z-configuration around the C=N bond. This means that 
the imidoyl radical formed upon abstraction of phenylselanide is ready to cyc1ise with no 
rotation around the C=N bond necessary. The synthesis of indoles has been published (see 
appendix B).105 
Finally, the effects of introducing substituents in the "5-exo position" of the alkenes were 
studied. Surprisingly, a complete change of regioselectivity was observed, as quinolines 
resulting from 6-endo cyc1isations were obtained in up to 80% yield. The reactions were 
carried out at high tributyltin hydride concentration, and so, a rearrangement of an 
intermediate resulting from 5-exo-trig cyclisation is unlikely to have taken place. Comparison 
with similar studies on alkyl and aryl radicals showed that the behaviour of imidoyl radicals is 
similar to that of alkyl radicals in terms of regioselectivity. Cyc1isation of an imidoyl radical 
onto a cyclic alkene resulted in a complex mixture of products, and does not appear to be a 
good route towards spiro-3H-indoles. 
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Chapter 4. Imidoyl radical cyclisation onto alkynes 
synthesis of aryl- and heteroaryl-annulated [b] carbazoles 
In this chapter radical cascade reactions starting from imidoyl radicals to form fused 
[b ]carbazoles are described. After an introduction to the subject, the synthesis of precursor 
amides will be described along with their conversion to imidoyl selanide precursors. This is 
followed by the results obtained when cyclising the imidoyl radicals onto alkynes, which 
affords 5H-benzo[b]carbazoles via a cascade process. Finally, the radical cascade mediated 
total synthesis of ellipticine is described, preceded by a short review of the biological activity 
and previous syntheses of this important anti-cancer alkaloid. 
4.1. Introduction 
The formation of several C-C bonds in one reaction sequence using radical cascade protocols 
has become a powerful tool in synthetic chemistry.lo6 Several cascade reactions involving 
imidoyl radicals have already been described in Chapter 1. Two of these should be 
highlighted, since they are closely related to the cascade reactions presented in this chapter. 
These are Tundo's synthesis of qui noxa lines and quinolines from isothiocyanates (Scheme 21, 
page 1-13) and Curran's recent synthesis of cyclopentafused quinolines from thio-amides, -
ureas and -carbamates (Scheme 27, page 1-16). 
The mechanism of these radical cascade reactions was discussed in Chapter 1. They are 
extensions ofCurran's original [4+1] annulations using isonitriles (Scheme 6, page 1-5). They 
generally involve the 5-exo-dig cyclisation of an imidoyl radical or equivalent onto a triple 
bond, such as an alkyne or nitrile group, followed by addition of the resulting vinyl or iminyl 
radical to an aryl group. The cascade is terminated via the rearomatisation of the 1t-radical 
species generated from the latter attack, making these reactions oxidative overall. 
Using our protocol towards imidoyl radicals we envisaged the synthesis of aryl- and 
heteroaryl-annulated[b]carbazoles 268 in just two steps from easily available amides 269 via a 
radical cascade protocol similar to those reported by Tundo and Curran (Scheme 76). We 
planned to synthesise the amides 269 using amide couplings of2-iodoaniline and 2-aryl acetic 
acid derivatives followed by Sonogashira couplings of the iodides with terminal alkynes. 
Alternatively the order of the amide and Sonogashira couplings may be switched, depending 
on where diversity is required. 
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268,X= C, N 
Radical 
cascade 
cyclisation 
> 
Amide- and 
Sonogashira-
couplings 
< 
Scheme 76: Retrosynthesis of aryl- and heteroaryl-annulated [b]carbazoles. 
Aryl- and heteroaryl[b]carbazoles are an important class of biologically active compounds, 
which include notable alkaloids of pharmaceutical interest. Ellipticine 270 and derivatives 
have received a vast amount of attention because of their anticancer properties due to 
interaction with DNA (Figure 5).107 More recent studies have also indicated activity against 
HIV.108 Furthermore, using modifications to the starting materials the synthesis of fused 
indoloquinolines could potentially also be achieved. Thus, an analogous urea precursor could 
be used in the synthesis of cryptotackiene, whereas replacement of the alkyne with a nitrile 
could lead to the synthesis of cryptolepine derivatives (Figure 5). Both of these alkaloids are 
ofinterest due to their anti-malarial activities. 109 
ellipticine 270 
important anti-
cancer alkaloid 
cryptotackiene 
anti-malarial 
alkaloid 
cryptolepine 
anti-malarial 
alkaloid 
Figure 5: Potential alkaloid targets for imidoyl radical cascade reactions. 
No general radical methodology towards aryl- and heteroaryl[b ]carbazoles has been reported, 
although benzo[b]carbazoles have been synthesised via biradicals. llO,lll,1l2 Hence, we set out 
to synthesise a range of 5H-benzo[b]carbazoles (268 [X = Cl, Scheme 76) using our putative 
protocol, to examine the scope with respect to the substituents RI and R2. 
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4.2. Synthesis of radical precursors 
In order to synthesise a suitable range of amide cyclisation precursors, the aryl iodides 271 
(RI = H) and 272 (RI = Me) were synthesised, with subsequent Sonogashira couplings in 
mind (Scheme 77). The amide couplings to provide amides 271 and 272 were performed on a 
reasonably large scale using 2-iodoaniline and the acid chloride, which was either bought (for 
271) or made in situ from the corresponding carboxylic acid using oxalyl chloride (for 272). 
The synthesis of amide 272 was also performed using a DCC coupling procedure, but tedious 
large scale column chromatography was necessary to remove urea residues, and low yields 
were obtained. 
DCM, rt 
(YI ~ r) 
~N~ 
H R1 
R1 = H, 271 (63%) 
R1 = Me, 272 (80%) 
Scheme 77: Coupling of 2-iodoaniIine with 2-phenyl acetic- and propanoic-acid chloride. 
The iodides 271 and 272 were coupled with a range of terminal alkynes using standard 
palladium-mediated Sonogashira couplings resulting in alkynes 273a-b and 274a-f in high 
yields (Scheme 78). Sonogashira couplings of 2-iodoaniline with various alkynes is well 
established,56,ll3 and we were pleased to see that couplings of 2-iodoanilides were also high 
yielding. This enables Sonogashira coupling and subsequent amide coupling and vice versa. 
R1 = Me, 272 
Pd(PPh3l2CI2• CuI 
Et3N, ==-R2 
DMF, rt 
MR'r) 
VN~ 
H R1 
R1 = H, R2 = Ph, 273a (86%) 
= Me, 273b (79%) 
R1 = Me, R2 = Ph, 274a (81%) 
= Me, 274b (75%) 
A~O, Et3N, DMAP 1 = CH20H, 274c (82%) 
DC M, rtL..--_. = CH20Ac, 274d (95%) 
K2C03. MeOH, rtl = SiMe3 274e (92%) 
L-. --_. = H, . 274f (94%) 
Scheme 78: Synthesis of a range of cyclisation precursors using Sonogashira couplings. 
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The acetyl protected propargyl alcohol 274d was synthesised in high yield by treatment of the 
propargyl alcohol 274c with acetic anhydride, triethylamine and DMAP. Finally, the terminal 
alkyne 274f was also synthesised in a high yield by de-protecting the TMS-substituted alkyne 
274e using potassium carbonate in methanol. 
Examining the effect of an electron withdrawing group on the alkyne in the radical 
cyclisations was challenging, since standard Sonogashira couplings generally proceed poorly 
using electron deficient alkynes, making the synthesis of the cyclisation precursor difficult. 
Synthesis of the methyl propiolate precursor 274g was therefore tried using a recently 
reported tandem oxidation procedure on propargyl alcohol 274c. I 14 The reaction involves four 
steps in one pot, namely oxidation of the alcohol to an aldehyde, attack of cyanide anion to 
make the a-hydroxynitrile, which is oxidised to the corresponding ketone and finally 
replacement of the cyano group with methanol to make the methyl ester. Although good 
yields were reported for simple allyl and propargyl alcohols, the reaction resulted in a 
multitude of products when employing the same conditions to alcohol 274c. Thus, the desired 
propiolate 274g could not be isolated using this protocol. 
274c 
Mn02 NaCN. MeOH 
, ~/ 7 ~ 
THF. 55·C. 18 h 
2749 
Scheme 79: Attempted tandem oxidation of a propargyl alcohol derivative. 
Modified Sonogashira conditions have been reported in the literature, that involve a stronger 
base such as potassium carbonate and refluxing in THF, which can produce moderate yields 
of the desired coupling products with propiolates. II5 These conditions were tested on iodide 
272, but only the starting material could be isolated from the reaction mixture (Scheme 80). 
272 
Pd(PPh3)2CI2, Cui. 
K2C03, = C02Me ~/ ~ 7 
THF. 55·C. 18 h 
2749 
Scheme 80: Attempted modified Sonogashira coupling with methyl propiolate. 
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The desired propiolate 274g was eventually synthesised via another set of modified 
Sonogashira conditions, which involved the use of ZnCh instead of CuI in refluxing THF. 116 
These conditions were used on 2-iodoaniline to make propiolate 275 in just 9% yield, which 
was coupled with 2-phenyl-propanoic acid chloride to give amide 274g. Again the acid 
chloride was generated by treating the corresponding acid with oxalyl chloride. Attempts to 
improve the yield of the Sonogashira coupling by using very pure (99.999%) anhydrous 
ZnBr2 were unsuccessful. However, having obtained the amide 274g in useful amounts, 
further optimisation was not considered a priority. 
Scheme 81: Synthesis of propiolate precursor using modified Sonogashira coupling on 2-iodoaniline. 
Having synthesised a suitable range of amides, these were converted to imidoyl selanides 
using the standard protocol as depicted in Table 11. 
MR2r) 
~N~ 
H R1 
273a-b. (R1 = H) 
274a-g. (R1 = Me) 
1) COCI2• DMF. DCM. rt 
2) (PhSeh K-selectride. 
THF. rt . M::r) ~N~ 
R1 
276a-b. (R1 = H) 
277a-g. (R1 = Me) 
Table 11: Conversion of alkyne-tethered amides to imidoyl selanides. 
Entry Amide RI Ri Imidoyl selanide Yields8 (%) 
273a H Ph 276a 22 
2 273b H Me 276b 41 
3 274a Me Ph 277a 67 
4 274b Me Me 277b 61 
5 274c Me CH20H 277c b -
6 274d Me CH20Ac 277d 71 
7 274e Me SiMe3 277e 44 
8 274f Me H 277f 46 
9 274g Me C02Me 277g 57 
8 Isolated un-optimised yields, b imidoyl selanide 277c could not be isolated. 
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As expected, the conversion of benzyl substituted amides 273a and 273b to imidoyl selanides 
276a and 276b proceeded in low yields of 22% and 41 % respectively (Table 11, entries 1 and 
2). On the other hand, when a methyl substituent was introduced in the benzylic position the 
imidoyl selanides 277a-b, and 277d-g were generally isolated in higher yields of 44-71 % 
(Table 11, entries 3-4 and 6-9). It should be noted, that the yields of these imidoyl selanides 
were not optimised. The conversion of amide 274c to the corresponding imidoyl selanide 
277c was unsuccessful (Table 11, entry 5). This was probably due to the hydroxy group 
interfering with the formation of the imidoyl chloride. Apart from starting material a small 
amount of propargyl phenyl selanide was detected in the crude mixture, indicating that the 
hydroxy group had been replaced by a chloride group during the reaction with phosgene, 
followed by replacement of chloride with phenyl selanide. Interestingly, The alkyne groups 
did not appear to get involved in the process, and no adducts were observed. 
A good range of imidoyl radical precursors for cascade reactions towards 5H-
benzo[b ]carbazoles was thus prepared. This enabled a study of the effects of the substituents 
RI and R2 on the cascade reactions, whether these are electron withdrawing, electron donating 
or neither. 
4.3. Imidoyl radical cyclisations onto alkynes 
4.3.1. Optimisation of the reactions conditions 
The initial radical cyclisation carried out was the conversion of imidoyl selanide 276a to 11-
phenyl-5H-benzo[b]carbazole 278a in 33% yield, using slow addition of TBTH and AIBN 
initiation in boiling toluene (Scheme 82). IH NMR spectroscopic analysis of the crude 
reaction mixture revealed an approximately 2: 1 mixture of carbazole 278a and a by-product. 
The by-product had features in the IH NMR spectrum compatible with an uncyclised imine, 
resulting from direct reduction of the imidoyl radical, but we were unable to isolate the 
compound for characterisation. 
c(1~ Ph I ~ ~ePh~ 
.0 N 
276a 
PhMe, 110 DC 
(33%) 
278a 
Scheme 82: Initial AIBN initiated radical cascade cyclisation to form a 5H-benzo[bJcarbazole. 
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Encouraged by this result we carried on to cyclise the remaining imidoyl selanides. However, 
when treating imidoyl selanide 277a with TBTH/AIBN in boiling toluene, a complicated 
mixture was obtained, in which none of the desired carbazole 279a could be detected (Table 
12, entry 1). These results prompted the use of triethylborane initiation at room temperature. 
As the desired reaction is oxidative we continued to add the TBTH slowly via syringe. 
Adding 1.5 equivalents of TBTH over six hours using two equivalents of triethylborane and 
letting oxygen bleed in to the reaction vessel through a needle resulted in just 50% conversion 
after stirring overnight (Table 12, entry 2). Two experiments were carried out, where one 
equivalent of oxygen in the form of air was syringed into the reaction vessel during the 
reaction, but this resulted in lower conversion percentages (Table 12, entries 3 and 4). Adding 
TBTH faster (Table 12, entry 5) and returning to bleeding in oxygen did not improve the 
conversion percentage significantly, but importantly, no reduced products were detected in the 
reaction mixture. 
c6~Ph I ~ ;yoePh~ Io ~ ~ N 
277a 
conditions 
279a 
Table 12: Optimisation of reaction conditions for radical reactions to form 5H-benzo[b]carbazoles. 
Conditions8 Ratio Percent 
Entry 
completionb BU3SnH (add. t) Initiation Initiator addition Time 277a:279a 
2.0 equiv. (8 h) AIBN/A 2 equiv., 10 portions, (80 cC) 8h 
-
c 
2 1.5 equiv. (6 h) Et3B/02 2 equiv., 2 portions, O2 bleed 18 h 1.0: I 50% 
3 1.2 equiv. (6 h) Et3B/02 2 equiv., 6 portions, O2 syringe 6h 3.6: I 20% 
4 2.0 equiv. (6 h) Et3B/02 2 equiv., 6 portions, O2 syringe 6h 5.3 : I 16% 
5 1.2 equiv. (l h) Et3B/02 2 equiv., 2 portions, O2 bleed 18 h 3.0: I 25% 
6 2.5 equiv. Et3B/02 3 equiv., 4 portions, O2 bleed, 48 h 1.3 : I 43% 
(at once) deoxygenated, bleed, deox ... 
7 2.0 equiv. Et3B/02 20 equiv., 2 portions, O2, bleed, 48h >95%f 
(at once) deoxygenate, bleed 
a reactions performed at room temperature and 0.02M substrate concentration in toluene unless otherwise stated, 
b measured by HPLC, C carbazole 279a not detected, d deoxygenation achieved by flushing with argon or 
nitrogen gas for 20 min, eNo 277a detected, f isolated yield of279a was 55%. 
Therefore, it was decided to add all the TBTH at the beginning of the reaction. Furthermore, 
since oxygen appeared to eventually quench the reaction, it was decided to add more initiator 
and to deoxygenate the reaction mixture in between adding the portions of initiator. Using this 
4-67 
method with three equivalents oftriethylborane brought the percentage of completion back up 
to 43% after 48 h reaction time (Table 12, entry 6). When using two equivalents ofTBTH and 
adding ten equivalents of triethylborane every 24 h preceded by deoxygenation, the reaction 
went to completion after 48 h. This led to the isolation of carbazole 279a in 55% yield (Table 
12, entry 7). 
4.3.2. CycIisations under optimised conditions 
Using these somewhat unorthodox optimised conditions the remaining imidoyl selanides were 
cyclised. The results are shown in Table 13. 
~::~ VN~ 
R1 
276a-b, (R1 = H) 
277a-g, (R1 = Me) 
BU3SnH, Et3B/02 
.. 
PhMe, rt 
278a-b, (R1 = H) 
279a-g, (R1 = Me) 
+ 
x 
oo--<~ Ph ~I N 
H 
280, (X = CHO) 
281, (X = CH2C02Me) 
Table 13: Imidoyl radical mediated synthesis of 5H-benzo(b]carbazoles under optimised conditions. 
Entry Precursor RI R2 Time (h) Products Yieldsa (%) 
16 276a H Ph 7 278a 33 
2 276b H Me 24 278b 15 
3 277a Me Ph 48 279a 55 
4 277b Me Me 48 279b 54 
5 277d Me CH20Ac 72 279d 40 
6 277e Me SiMe3 48 27ge (279f, 280) - (18,33) 
7 277f Me H 6 279f 18 
8 277g Me C02Me 72 279g (281) 19 (29) 
a Isolated yields, 6 using AIBN/~. 
The imidoyl selanides were successfully cyclised to afford benzofused carbazole products in 
all experiments. When RI = H yields were lowered due to the formation of a by-product, 
believed to be the imine resulting from reduction of the imidoyl radical (Table 13, entries 1 
and 2). Unfortunately in both of these reactions we were unable to isolate this by-product. The 
less hindered substrates, 276 with RI = H, react faster than the substrates 277 with RI = Me, 
for which conditions have been optimised. It may therefore be advantageous to add TBTH 
slower or to run the reactions at more dilute conditions when RI = H, to slow down any 
reduction of the imidoyl radical and thereby obtain higher yields of cyclised products. Due to 
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problems reproducing the synthesis of the very moisture sensitive imidoyl selanides 276a-b, 
we were unable to test this. 
Good yields were obtained when cyclising the imidoyl selanides 277a, 277b and 277d with 
RI = Me (Table 13, entries 3-5). In these reactions a HPLC trace of the crude reaction mixture 
showed, that there were no major by-products, but only small amounts of a range of minor by-
products, which were not identified. 
Carbazole 27ge was not isolated when cyclising onto the TMS substituted alkyne 277e (Table 
13, entry 6). Instead the deprotected carbazole 279f was isolated in 18% yield along with the 
monocyclised indole 280 in 33% yield. We believe that the TMS substituted carbazole 27ge is 
formed, but the TMS group is replaced by a proton during purification, through electrophilic 
aromatic substitution. The steric bulk and electron deficiency introduced by the TMS group is 
likely to slow down the second cyclisation step, which facilitates the formation of 
monocyclised by-products such as indole 280. 
We were aware, that the cyclisation ofimidoyl selanide 277fbearing a terminal alkyne would 
compete with the addition oftributyltin radical onto the alkyne (Table 13, entry 7). Therefore, 
we were pleased to be able to isolate the carbazole 279f in 18% yield. Although we did not 
isolate any adduct products, we believe that the addition of tributyltin radical onto the alkyne 
is the main reason for the lowered yield of this reaction. In support of this hypothesis, the 
starting material was consumed in only six hours and not the usual two to three days, 
indicating a faster reductive side-reaction. 
Cyclisation onto the electron deficient propiolate in substrate 277g proceeded in just 19% 
yield to give carbazole 279g (Table 13, entry 8). The monocyclised indole 281 was isolated in 
29% yield, and was thus the major product of this reaction. In this case, it is likely that the 
rate of reduction of the intermediate electron deficient vinyl radical is comparable with the 
cyclisation rate onto the phenyl ring, which again facilitates the formation of monocyclised 
products. 
4.3.3. Mechanism and formation of monocyclised by-products 
We propose the mechanism as shown in Scheme 83 for the formation of the carbazoles. The 
imidoyl radicals 282 undergo selective 5-exo-dig cyclisation onto the alkynes. No products 
resulting from the alternative 6-endo-dig cyclisation were observed. This in contrast to the 
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similar cyclisations reported by Rainer et al. to make indoles (Scheme 13, 1-9), where 6-endo 
products in some cases were the major product. A recent computational study based on 
experimental results showed that Sp2 radicals generally prefer 5-exo-dig cyclisation. The 6-
endo-dig pathway only sometimes becomes favoured if the resulting products are more stable 
than the 5-exo products either through aromatisation or lower ring strain. 117 Evidence suggests 
that the vinyl radical 283 undergoes a 5-ipso cyclisation followed by a neophyl rearrangement 
to 284 or a 6-endo cyclisation providing 284 directly.48,49 As mentioned earlier, studies 
indicate that the mechanism of rearomatisation of x-radical intermediates such as 284 in 
TBTH-mediated reactions is by hydrogen abstraction by the initiator or a breakdown fragment 
of the initiator.89 In these reactions we propose that the hydrogen is abstracted by ethyl 
radicals generated from the triethylborane initiator. Rapid tautomerism of the tetracycle 285 
yields the 5H-benzo[b ]carbazoles 278 and 279. 
285 
278,279 
5-exo 
.. 
~( 
EtH 
283 
+ 6-endo 
Ete~ 
R2 H 
284 
5-ipso 
~ 
I neophyl 
, rearrangement 
Scheme 83: Mechanism for the cascade radical reaction towards 5H-benzo[b]carbazoles. 
The products obtained when cyclising onto the TMS-substituted alkyne in selanide 277e were 
unexpected and we propose possible mechanisms as shown in Scheme 84. The imidoyl 
radical 286 undergoes 5-exo-dig cyclisation to give the vinyl radical 287. This radical follows 
the mechanism given in Scheme 83 to give carbazole 27ge, which upon purification is 
deprotected via electrophilic aromatic substitution with a proton to give 6-methyl-5H-
benzo[b]carbazole 279f. Alternatively, vinyl radical 287 may reduce to give the exo-cyclic 
alkene 288. We propose that the carboxaldehyde moiety is introduced through reaction of a 
tributyltin peroxide radical species with alkene 288. The peroxide radical is generated from 
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tributyltin radical adding onto oxygen. This results in the nitrogen centred radical 289 which 
is reduced by TBTH to give the peroxide 290. Spontaneous homolysis of this peroxide at 
room temperature is unlikely, and we suggest instead attack of ethyl radical onto the peroxide 
which results in the formation of tributyl(ethoxy)stannane, a trimethylsilyl radical and the 
observed indole 280. This radical oxidation mechanism is supported by the presence of 
aldehyde 280 in the product mixture prior to workup, and furthermore hydrolysis of alkene 
288 during workup would result in an alcohol, not an aldehyde. 
280 
BU3SnH 
• 
289 
279f 
27ge 
,/ 
~_S~ Ph ~ I t N 
288 
Scheme 84: Mechanism explaining the products formed when cyclising onto a TMS-substituted alkyne. 
The formation of indole 281 from the cyclisation of imidoyl selanide 277g can be explained 
by the mechanisms shown in Scheme 85. Imidoyl radical 291 undergoes 5-exo-dig cyclisation 
to generate vinyl radical 292 which can cyclise further to eventually provide carbazole 279g. 
Alternatively, the electrophilic radical 292 reacts rapidly with the nucleophilic TBTH to give 
compound 293. Conjugate addition of tributyltin radical onto alkene 293 to give radical 294 
followed by reduction furnishes the stannyl compound 295, which is converted to the 
observed indole 281 upon de-stannylation during purification. Alternatively, reduction of 
alkene 293 by TBTH to give the indole 281 directly through an ionic or radical mechanism 
cannot be excluded. 
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~C02Me ~ 5-exo I~~ .. ... .. 
.0 h ::::-... 
N 
SfJ. 
291 292 ~ 
~ ~ ~ SnBU3 SnBU3 ~ h Ph ~ Ph BU3SnH ~ Ph BU3Sne 1.0 /, .. 1.0 /, • 1.0 /, N N N 
295 294 293 
++ H+, H2O 18"'S'" 
281 .. 
Scheme 85: Mechanism explaining the products formed when cyclising onto a propiolate. 
4.3.4. Attempted synthesis of a thieno[b]carbazole 
To further examine the scope of this type of radical cascade reaction for the synthesis of novel 
heterocycles, we wanted to exchange the phenyl group which was fused to the carbazole units 
to make 5H-benzo[b ]carbazoles with other aryl or heteroaryl groups. Since thiophene-2-acetyl 
chloride was commercially available, we set out to synthesise a thieno[2,3-b ]carbazole. 
Therefore, 2-iodoaniline was converted to the alkyne 296 via a Sonogashira coupling (Scheme 
86). This compound was coupled with thiophene-2-acetyl chloride to give amide 297. This 
amide was converted to imidoyl selanide 298, however, the yield was poor despite several 
attempts to improve it. As with the benzyl substituted amides, these imidoyl selanides are 
very sensitive to hydrolysis, and the amide 297 was generally recovered from these reactions. 
cePh JJ) 01 Ph e( Pd(PPh3)2CI2, CuI, Cl S I .0 NH2 Et3N, ==-Ph I~ DMAP, Et3N I~ jJ) ... ... DMF, rt 
.0 NH2 
DCM, rt 
.0 N S 
(85%) (55%) H 
296 297 
1) COCI2• DMF, DCM ! 0 
2) (PhSeh. K-selectride, (5Yo) 
THF 
M:~~ ~N~S/ 
298 
Scheme 86: Synthesis of an imidoyl selanide precursor of a thieno[2,3-h]carbazole. 
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Having synthesised the imidoyl selanide precursor 298 it was subjected to the conditions used 
to make benzo[b]carbazoles (Scheme 87). Unfortunately, a multitude of products were 
observed by TLC and IH NMR spectroscopic analysis, and the desired carbazole 299 could 
not be isolated from this mixture. Although this reaction could perhaps be further optimised, it 
was decided to proceed with the synthesis of a natural product instead. 
M::0 l;lN~S/ 
298 299 
Scheme 87: Attempted synthesis ofa thieno(2,3-b]carbazole. 
4.4. Total synthesis of ellipticine 
4.4.1. Biological activity of ellipticine and derivatives 
Ellipticine 270 and 9-methoxyellipticine 300 were isolated in 1959 from the Ochrosia 
el/iplica Labill. plant of the apocynaceae family, which is a small tropical evergreen tree 
(Figure 6).118 Along with 9-hydroxyellipticine 301, olivacine 302 and the more recently 
discovered 13-oxo-ellipticine 303, they compose the relatively small family of 6H-pyrido[ 4,3-
b ]carbazole alkaloids isolated so far. 
R 
270, (R = H) 
300, (R = OMe) 
301, (R = OH) 
302 
Figure 6: The 6H-pyrido(4,3-b]carbazole alkaloid family. 
303 
Ellipticine 270, 9-methoxyellipticine 300 and 9-hydroxyellipticine 301 are potent antitumour 
agents, 119 and elliptinium 304 has reached phase 11 clinical trials in the treatment of advanced 
breast cancer, myeloblastic leukaemia and some solid tumours with significant results (Figure 
7).120 Elliptinium 304 has also shown anti-HIV activity.121 Although elliptinium has not been 
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commercialised as an anticancer drug, second generation clinical candidates, such as 
retelliptinium 305, are being developed. 12o 
HO 2CI-
304 305 
Figure 7: First and second generation ellipticine derived drug candidates. 
The antitumoural properties of ellipticine derivatives are multimodal, and four mechanisms 
have so far been proved to exist. 122 First, the planar cation derivatives intercalates between 
DNA base pairs with high affinity, interfering with DNA replication and transcription. 
Second, ellipticine derivatives are topoisomerase II poisons, because they stabilise the 
normally transient complexes of this enzyme and cleaved DNA strands, thereby effectively 
stopping DNA from reassembling. Third, it has been shown that 9-hydroxy-ellipticine 
derivatives add covalently to DNA after partial metabolism, again interfering with replication 
and transcription. 
Finally, it was very recently reported, that ellipticine derivatives have tyrosine kinase-
inhibiting activity .122 Importantly, it inhibits both wild type and mutants of the tyrosine kinase 
enzyme, unlike the currently available inhibitor drugs, which only inhibit the wild type 
enzyme. The tyrosine kinase enzyme plays a key role in the survival and proliferation of 
human mast cells. Therefore, ellipticine derivatives could potentially be developed into 
improved drugs for the treatment of mastocytosis, which is inflicted by the presence of too 
many mast cells in the body, causing a variety of symptoms including allergic reactions, skin 
lesions, ulcers and in some cases cancer. 
4.4.2. Previous syntheses of elIipticine 
Due to the biological activity of ellipticine, it has received a vast amount of synthetic attention 
since the first reported synthesis in 196i 19, and the synthetic efforts towards ellipticine and 
derivatives are regularly reviewed. I20,123,124,125,126,127,128 However, there are surprisingly few 
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high yielding short syntheses of ellipticine, and strategies for building in diversity for the 
synthesis of derivatives are also rare. Nevertheless, some very elegant approaches to 
ellipticine have been reported, and should be highlighted. 
In 1982 Gribble and co-workers reported a high yielding regioselective synthesis of ellipticine 
270 from indole in just six steps (Scheme 88).129 
~ ~N/ 
H 
"" 
311 
2 equiv. MeLi+ -100°C 
312 
n-BuLi 
PhS02CI 
.. 
THF, -78°C 
(91%) 
A~O 
80-85°C 
(-100%) 
~ 
310 
313 
LOA 
THF 
-75~ 0 °C [OQ-u ] S02Ph 
307 
o 
o~ -100°C (71%) 
0308 
K2C03 
"" MeOH,I'1 
(-100%) 
H2O 
~ 
314 
I EtOH,I'1 
NaBH4 , (82% from 311) 
270 
Scheme 88: Gribble's total synthesis of ellipticine from indole in six steps. 
Gribble's synthesis started with the conversion of indole to the N-phenylsulphonyl indole 306 
in 91% yield. Deprotonation of the protected indole using LDA, gave the 2-lithio-indole 307 
selectively, which was rapidly treated with pyridine anhydride 308 to give a 92:8 mixture of 
309 and the regioisomer resulting from indole-anion attack on the 3-carbonyl of anhydride 
308. Recrystallisation of this mixture gave the desired indole 309 in 71% yield from indole 
306. Deprotection of indole 309 in basic methanol to give indole 310 and subsequent 
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dehydration using acetic anhydride gave keto lactam 311 in near quantitative yield. Treatment 
of keto lactam 311 with two equivalents of methyl lithium at -100°C results in the formation 
of the dilithiate 312, which rearranges through ketone 313 to give the diol314 after workup as 
two unstable diastereoisomers. Immediate reduction of diol 314 with sodium borohydride 
gave ellipticine 270 in 82% yield from keto lactam 311. 
The overall yield of ellipticine was 54%, making this the highest yielding synthesis of 
ellipticine reported. Gribble and co-workers have since shown, that the method can be 
extended to the synthesis of 9-methoxyellipticine 300, olivacine 302 and 13-oxo-ellipticine 
303 along with other ellipticine derivatives in good overall yields. 130 One aspect of Gribble's 
synthesis, which makes it very versatile, is the difference in reactivity between the two 
carbonyl groups in keto lactam 311. Thus, the ketone is far more reactive towards alkyl 
lithiates than the lactam carbonyl, facilitating selective alkylation onto the ketone carbonyl, 
followed by subsequent addition of another alkyllithiate to the lactam carbonyl. 
Diels-Alder routes to ellipticine using 3,4-dihydropyridines (pyridynes) or equivalents have 
been investigated by several research groupS.120 The main problem in these reactions is the 
lack of regioselectivity of the Diels-Alder reaction, however, Moody showed that his 
approach provides access to ellipticine from indole in just three consecutive steps (Scheme 
89).131,132 
~ V-NI 
H 
la"'" 'cid.. P- I ~OH Ao,O .. 
KOH, 250°C ex) BF3oEt20 
(32%) H (43%) 
315 
+ 
319 (20%) 
316 
I 
10N 6 /N,~ I ... N "N co, h CH,CN HO» 317 0 318 
270 (20%) 
Scheme 89: Moody's three step synthesis of ellipticine and isoellipticine. 
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The synthesis was achieved by the treatment of indole with lactic acid under basic conditions 
to give the 3-substituted indole 315 in 32% yield. Treatment of indole 315 with acetic 
anhydride in the presence of a Lewis acid afforded the diene 316. Treatment of diene 316 with 
pyridyne, obtained by heating the shelf stable masked diazonium precursor 318, gave 
ellipticine 270 in 20% yield via a Diels-Alder cyclisation and subsequent loss of CO2• The 
complete lack of regioselectivity was confirmed by the isolation of iso-ellipticine 319 also in 
20% yield. 
The overall yield of ellipticine 270 is only 3% from indole, but considering the low cost of 
starting materials and the simplicity of the synthetic steps, this is still a very attractive 
synthesis. The lack of regioselectivity in the Diels-Alder step has been addressed since by 
Gribble's group,133 but as it involves the use of functionalised dihydropyridones in place of 
pyridyne, this approach entails more steps, and the overall yield is consequently lowered. 
No approaches to ellipticine involving radicals had been reported until a few weeks prior to 
the publication of our radical cascade approach. Bennasar et al. published a formal total 
synthesis of ellipticine using an acyl radical cyclisation to form ellipticine quinones (Scheme 
90).134 
320a, R= Me 
320b, R= Bn 
320c, R= H 
\ 
R 
325a, (10%) 
325b,( - ) 
325c, (85%) 
321a 
321b 
321c 
324a, (60%) 
324b, (42%) 
324c, ( - ) 
300W 
CsHs,!l 
322a, (60%) 
322b, (55%) 
322c, (50%) 
! 1) LiOH, THF/H20, 6 2) Et3N, PhSeCl, PBU3 THF, rt 
_N 
323a, (80%) 
323b, (76%) 
323c, (70%) 
Scheme 90: Formal total synthesis of ellipticine using an acyl radical approach to ellipticine quinones. 
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The indole 320c was made via a high yielding Vilsmeier-Haak formylation of methyl indole-
2-carboxylate, which facilitated the synthesis of protected indoles 320a and 320b as well. 
Treatment of these indoles with 3-pyridylmagnesium bromide gave the alcohols 321a-c, 
which were reduced without purification using triethyl silane in TF A to give indoles 322a-c in 
moderate yields. The ester group on indoles 322a-c were converted to the selenoesters 323a-c 
via hydrolysis and subsequent selanation of the resulting acid in good overall yields. 
Treatment of selenoesters 323a-b with hexamethylditin and a 300 W sunlamp in refluxing 
benzene resulted in the highly regioselective cyclisation of the acyl radical onto the 4-position 
of the pyridyl ring. In situ oxidation of the interannular methylene group furnished the 
ellipticine quinolines 324a and 324b in 60% and 42% respectively. The rearomatisation and 
oxidation was believed to be mediated by tin peroxyl radical BU3SnOO·, as oxygen was not 
excluded from the reaction mixture. The N-unprotected quinone 324c could not be isolated, as 
this reaction resulted mainly in the formation of tin ester 325c. However, quinone 324b has 
been converted to ellipticine in the literature,135 and therefore the synthesis constitutes a 
formal total synthesis of this alkaloid. The overall yield of quinone 324b from methyl indole-
2-carboxylate was 16%. 
4.4.3. Total synthesis of ellipticine using a cascade radical protocol 
As summarised above, ellipticine and particularly various derivatives thereof are still very 
much of biological and pharmaceutical interest. Although innumerable syntheses of ellipticine 
have been reported, very few are both short and high yielding while still allowing for easy 
introduction of diversity. Therefore, versatile synthetic routes towards ellipticine and 
derivatives with good functional group compatibility would be welcome. 
We envisaged the extension of our protocol towards 5H-benzo[b]carbazoles to a short, high 
yielding synthesis of ellipticine. As deaza-ellipticine (6,II-dimethyl-5H-benzo[b]carbazole 
279b, Table 13, page 4-68) has already been synthesised using this protocol, we were 
confident that the introduction of a 4-pyridine group in place of phenyl in the p-position to the 
amide carbonyl in amides 269 (Ri = R2 = Me, X = N) would facilitate the synthesis of 
ellipticine 270 (Scheme 91). 
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ellipticine 270 
Scheme 91: Synthesis of ellipticine from a 2-( 4-pyridyl)propanamide. 
To synthesise amide 269 (Ri = R2 = Me, X = N) we initially set out to couple commercially 
available 2-(4-pyridyl)acetic acid hydrochloride 326 with 2-iodoaniline (Scheme 92). 
Converting the acid 326 to an acid chloride and coupling it with 2-iodoaniline did not result in 
the isolation of amide 327. Due to the poor solubility of the hydrochloride salt 326 in DCM it 
was necessary to use a DMFIDCM mixture as solvent, as no other polar solvents than DMF 
aided in solubillising the salt 326. Although catalytic amounts of DMF normally catalyse 
these reactions, the presence of an excess ofDMF appears to disrupt it in this case. 
326 
1) (COCI)2 DMFIDCM, rt 
2) 2-iodoariiline, Et3N 
DMAP, DCM, rt 7/ ~ I O(IW"N ~ I I ~ N 
H 
327 
Scheme 92: Attempted amide coupling of2-(4-pyridyl)acetic acid hydrochloride using oxalyl chloride. 
Subsequently an analogous DCC coupling of the hydrochloride salt 326 was attempted, again 
using a mixture of DCM and DMF as solvent (Scheme 93). Again DMF was causing 
problems, as it was activated under the reaction conditions to afford the coupling product 328 
in 20% yield after addition of 2-iodoaniline. The amide 327 was also isolated but only in 24% 
yield. 
WHCI 2-iodoaniline O(IJU) e( DCC, HOBt ~ ~ I I ~ + I 0 N~N/ 
HO ~ DMF/DCM (2:1) N rt, 72h H I 
326 327, (24%) 328, (20%) 
Scheme 93: nee coupling of2-(4-pyridyl)acetic acid hydrochloride and 2-iodoaniline. 
Another concern regarding the use of the acid salt 326 was the necessary methylation of the 
benzylic position of either acid 326 or amide 327. In both of these substrates it is likely, that 
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the acid or amide will deprotonate prior to the benzylic carbon, thereby disrupting a 
methylation reaction using for example lithium diisopropylamine and methyl iodide. 
Instead the commercially available ethyl 2-(pyrid-4-yl)acetate 329 was converted to ethyl 2-
(pyrid-4-yl)propanoate 330 using LDA and methyl iodide in 93% yield (Scheme 94). The 
direct coupling of an ester with an amine is possible using aluminium amide intermediates. 136 
Thus, treatment of ester 330 with aluminium(dimethyl)-2-iodo-anilide in refluxing DCM for 3 
days resulted in the desired amide 331 in 81% yield. The aluminium anilide is generated from 
the treatment of 2-iodoaniline with trimethyl aluminium for 30 min at room temperature. 
These reactions can generally be performed in a few hours using toluene as the refluxing 
solvent in place of DCM, with only slightly lowered yields as a result. However, this was not 
tested for this particular reaction. 
W LOA, Mel JyO A1Me3 CC~JyO EtO ~ I 2-iodoaniline EtO ~ I .. .. THF, -78-)0 ·C DCM, 40 ·C, 72 h 
(93%) (81%) 
329 330 331 
Pd(PPh,),C!,. CO]'! DMF, rt 
Et3N, Propyne (88%) 
BU3SnH c6 1) COC]" DMF, cc:JC Et3B/02 I~ X(O DCM, rt ~ 0 '7 N .. ,,0 ~ ~ I ,rK.,e]eoUlde I A ~PhMe, rt 72 h N (PhSeh THF, rt N 
. H 
(61%) (48%) 
ellipticine 270 333 332 
Scheme 94: Total synthesis of ellipticine in five steps and 19% overall yield. 
Treating iodide 331 with propyne under standard Sonogashira conditions gave alkyne 332 in 
88% yield (Scheme 94). We had expected problems when treating amide 332 with phosgene 
to make the imidoyl chloride intermediate due to interference of the nucleophilic pyridine 
nitrogen. It was therefore a pleasant surprise, that no pyridinium salt crashed out of solution 
when adding phosgene to amide 332 in DeM. Instead, the selanation reaction proceeded as 
normal, and imidoyl selanide 333 was isolated in 48% yield. On the other hand, the pyridine 
nitrogen does appear to have some effect on the selanation reaction, as this yield could not be 
increased despite of several repeats of this reaction. Finally, treating the imidoyl selanide 333 
with TBTH and triethylborane/oxygen at room temperature for three days furnished ellipticine 
4-80 
270 in 61 % yield. The conditions were equivalent to those used to make 5H-
benzo[b ]carbazoles. 
The mechanism of this radical cascade reaction is analogous to the one already discussed for 
the formation of 5H-benzo[b ]carbazoles, the only difference being that the cyclisation of the 
intermediate vinyl radical is onto a pyridine ring rather than a phenyl. Oxidative additions of 
various radicals onto pyridines have been reported,137,138,139 and they generally proceed well 
but with poor regioselectivity, with the exception of the acyl radical cyclisations to make 
ellipticine quinones described in Scheme 90, page 4-77, which were highly regioselective.134 
In our case however, both 5-ipso cyclisation followed by rearrangement and 6-endo 
cyclisation of the vinyl radical results in the same product, ellipticine 270. This is naturally 
due to the fact, that the pyridine nitrogen is in the para-position, and therefore rotation of the 
pyridyl group prior to cyclisation or rearrangement has no consequence on the regiochemical 
outcome (Scheme 95). This is a major advantage of our synthesis, precluding the possibility 
of regioisomers with respect to the pyridine ring. 
333 •• 
I neophyJ + rearrangement 
_N 
~ 
•• 270 
Scheme 95: Pyridyl rotation has no regiochemical effect in the radical cascade approach to eIlipticine 270. 
Thus, ellipticine 270 was synthesised over five steps from ethyl 2-(pyrid-4-yl)acetate 329 in 
an overall yield of 19%. The synthesis is shorter and higher yielding than almost all 
previously reported syntheses of ellipticine, and it allows for easy incorporation of diversity, 
for making libraries of derivatives. Furthermore, the synthesis uses very mild conditions, 
involving only one step at 40°C, whereas all other steps are performed at room temperature. 
The pharmaceutical industry is reluctant to use TBTH due to its toxicity. Therefore, we 
repeated the final step of the ellipticine synthesis using the non-toxic tributylgermanium 
hydride in place of TBTH (Scheme 96).140,141 Conditions were otherwise the same, and 
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ellipticine could be isolated in an un-optimised yield of 49% after 3 days. The 
tributylgermanium hydride reagent has the further advantages of long shelf life and easier 
product purification. The reaction time was the same as for the TBTH mediated reaction, 
indicating that the limiting factor on the reaction rate of these substrates is not related to the 
intrinsic hydrogen abstraction rate of the radical reagent. 
PhMe, 20 ·C, 72h 
(49%) 
333 ellipticine 270 
Scheme 96: Replacement of TBTH with tributylgermanium hydride in the synthesis of ellipticine. 
A crystal structure of imidoyl selanide 333 was obtained, and agam it proved the z-
conformation around the C=N bond (Figure 8). This again means that the imidoyl radical, 
when formed is correctly positioned to cyclise, with only rotation around the Ar-N bond 
necessary. 
Figure 8: X-ray crystal structure of imidoyl selanide 333. 
The crystal structure offers a reason, why the initial formation of the imidoyl radical is so 
slow for these reactions. Oxidative radical cyclisations are generally slower than reductive 
cyc1isations due to the lack of a chain reaction sequence, and thus lower concentrations of 
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tributyltin radical. However, these reactions are significantly slower than other similar 
oxidative cyclisations performed within this project. From model studies based on the crystal 
structure of imidoyl selanide 333 it was clear, that the SH2 T-transition state for the 
abstraction of the phenylselanide is sterically hindered (Figure 9). This could explain the very 
slow reaction rates for these cyclisations. 
II~ 
-...::::: -', to 
I Se Su 
A 'S/_SU Suo' n 
Figure 9: SH2 T -transition state for the abstraction of pbenyJseJanide from ellipticine precursor 333. 
4.5. Conclusion 
In summary, our protocol for the generation imidoyl radicals from amides via imidoyl 
selanides has been used to facilitate the synthesis of aryl- and heteroaryl-benzo[b ]carbazoles 
in just two steps from easily available amides. The amide precursors were made in high yields 
using amide and Sonogashira couplings, and conversion to imidoyl selanides proceeded in 
moderate to good yields. 
Cyclisation of the imidoyl radicals onto tethered alkynes furnished vinyl radicals, which 
cyclised onto a phenyl group to give 5H-benzo[b ]carbazoles via a radical cascade. The yields 
of these cyclisations were up to 55% and depended mainly on the substituent on the alkyne. 
For electron deficient and/or hindered alkynes monocyclised indole by-products were 
obtained and yields of the carbazoles were lower. 
The protocol towards 5H-benzo[b ]carbazoles was extended to the total synthesis of the 
important anticancer alkaloid ellipticine (5,11-dimethyl-6H-pyrido[4,3-b]carbazole). The 
synthesis was achieved in just five steps and an overall yield of 19% from a commercially 
available starting material. This synthesis represents one of the highest yielding and shortest 
approaches to ellipticine reported, it employs very mild conditions and allows for the 
introduction of diversity. The work presented in this chapter has recently been published (see 
appendix B).142 
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Chapter 5. Sequential imidoyl radical reactions 
This chapter describes our efforts towards the synthesis of indolo[a]carbazoles and other 
heterocycles via novel sequential radical cyclisations of imidoyl radicals. After an 
introduction to the subject, the efforts towards the desired imidoyl selanide precursors are 
described, followed by a presentation of the initial radical reactions performed and a 
conclusion. 
5.1. Introduction 
Indolo-fused[a]carbazoles are an important class of compounds of pharmaceutical interest, 
which include several naturally occurring alkaloids exhibiting biological activities, due to 
their affinity for DNA 127, 143 We envisaged the synthesis of these heterocycles using a novel 
sequential imidoyl radical cyclisation protocol as depicted in Scheme 97. The symmetric 
indolo-fused[a]carbazole 334 is synthesised from bis-imidoyl selanides 335, which are 
obtained from oxalamide 336 using a Sonogashira coupling and selanation procedure. 
Oxalamide 336 is furnished from the coupling of2-iodoaniline and oxalyl chloride. 
R 
c6tP' Sonogashira I I ~ SePh coupling.and CC~ 0 ~ N~~N ~ s~ ~ N~~~ 
PhSe I~ H oN 
~ I 
335 R 336 
tt ~ndo,"d reduction ~~ ~xoa"d reduction II 
R c1d~ 0 5-exo ~ I ~ ~ !J CCI CI~CI ~ 2 I + ~ ~PhSe I ~ NH2 0 
338 337 R 
Scheme 97: Retrosynthesis of fused bis-indoles using sequential imidoyl radical reactions. 
We expected that upon treatment of bis-imidoyl selanides 335 with TBTH and an initiator an 
imidoyl radical will form, which cyclises 5-exo-dig analogous to the reactions discussed in 
Chapter 4. The first intermediate vinyl radical formed is expected to reduce to the alkene 337, 
as no favourable intramolecular cyclisation is available. A subsequent 5-exo-dig cyclisation of 
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the imidoyl radical, formed when abstracting the second phenylselanyl group on the molecule, 
results in vinyl radical 338. We envisaged vinyl radical 338 will cyclise 6-endo-trig onto the 
conjugated exo-cyclic alkene on the opposite indole moiety to give indolo-fused[a]carbazoles 
334. 
These sequential radical reactions using bis-imidoyl selanides potentially gives access to 
fused indolo[a]carbazole alkaloids of pharmaceutical interest such as arcyriaflavin A and 
staurosporinone (Figure 10).127 
arcyriaflavin A staurosporinone 
Figure 10: Potential indolo[a]carbazole alkaloid targets. 
5.2. Synthesis of imidoyl selanide precursors 
5.2.1. Synthesis of a model bis-imidoyl selanide 
This putative route given in Scheme 97 requires the synthesis of bis-imidoyl selanides 335 
from the corresponding oxalamides 336. To investigate whether such a conversion was 
possible, we initially set out to synthesise the model precursor N,N-diphenyl-bis-imidoyl 
se1anide. 
We planned to use a protocol similar to that used for normal imidoyl selanides, namely 
conversion of the oxalamide to a bis-imidoyl chloride followed by substitution of the 
chlorides with phenylselanyl. Previous work in the Bowman group had showed that phosgene 
was not sufficiently reactive to convert oxalamides to imidoyl chlorides. Thus, N,N-bis-
diphenyloxalamide was treated overnight with thionyl chloride in refluxing toluene (Table 14, 
entry 1). This only resulted in starting materials. Using neat thionyl chloride at reflux also 
afforded starting material only (Table 14, entry 2). Instead, a literature procedure was 
used,144,145 involving the treatment of oxalamides with phosphorus pentachloride in refluxing 
toluene for 3 h, giving the bis-imidoyl chloride 339 in 47% crude yield (Table 14, entry 3). 
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conditions 
.. 
o Cl ~N~N~ 
Cl ~ 
339 
Table 14: Conversion of oxalamides to his-imidoyl chlorides. 
Entry 
I 
2 
3 
Conditions 
SOCh, PhMe, 110°C, 18 h 
SOCh (neat), reflux, 18 h 
PCls, PhMe, 110°C, 3 h 
a Only starting materials recovered. 
Crude yield (%) 
47 
Bis-imidoyl chlorides are much more stable than traditional imidoyl chlorides and can be 
handled in air and purified using recrystallisation. However, the crude imidoyl chloride 339 
was treated with potassium phenylselanate in THF without further purification (Scheme 98). 
This resulted in the desired bis-imidoyl selanide 340 in 76% yield (35% overall from the 
oxalamide ). 
o Cl ~N~N~ 
Cl ~ 
339 
(PhSeh. K-selectride 
... 
THF. rt 
(76%) 
o SePh ~N~N~ sePh~ 
340 
Scheme 98: Synthesis of a model his-imidoyl selanide from a his-imidoyl chloride. 
Having proved the feasibility of this approach to bis-imidoyl selanides, we proceeded to the 
synthesis of indolo[a]carbazole precursors with alkynes in the ortho-position of the phenyl 
group. 
5.2.2. Attempted synthesis of indolo[a]carbazole precursors 
At the outset we planned to make the oxalamides with alkynes introduced prior to conversion 
to imidoyl selanides. To introduce alkynes in the ortho-position of bis-diphenyloxalamides, 2-
iodoaniline was treated with oxalyl chloride in THF to give the iodo-substituted oxalamide 
341 (Scheme 99). Due to the low solubility of the product, it precipitates out of solution 
during the reaction, resulting in near quantitative yield without the use of base. Unfortunately, 
the low solubility of oxalamide 341 also in DMF resulted in the failure of the Sonogashira 
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coupling to give oxalamide 342. The temperature was raised to dissolve the starting material, 
but the reaction resulted in a complex mixture of products. 
oxalyl 
chloride 
THF, rt 
(98%) 
341 
H 0 1.0 
342 4fP 
Ph 
Scheme 99: Attempted synthesis oran alkyne tethered oxalamide. 
Instead, a different route was employed. The aniline 296, already synthesised in a high yield 
for an earlier purpose, was treated with oxalyl chloride in THF to furnish the desired 
oxalamide 342 in 91 % yield. 
oxalyl 
chloride 
.. 
THF, rt 
(91%) 
Scheme 100: Synthesis or an alkyne tethered oxalamide. 
Attempts to convert the oxalamide 342 to the corresponding bis-imidoyl selanide 343 
repeatedly failed (Scheme 101). Only complex mixtures were obtained, and neither the 
imidoyl-chloride nor -selanide 343 could be detected in the crude reaction mixtures. This is 
probably due to the alkyne moieties reacting with phosphorus pentachloride or the imidoyl 
chloride intermediates. 
H 0 1.0 
342 Ph 4fP 
1) PCls PhMe, 110·C 
2) (PhSeh, K-selectride 
THF, rt 
~ .. 7 
I ~ SePh 
Ph Se 1.0 
343 4fP 
Ph 
Scheme 101: Attempted conversion oran alkyne tethered oxalamide to a bis-imidoyl selanide 
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As a consequence it was decided to perform the chlorinationlselanation procedure prior to the 
introduction of the alkyne groups. Hence, the iodo-substituted oxalamide 341 was converted 
to the oxalimide chloride 344 (Scheme 102). Some of the chloride 344 was additionally 
converted to the bis-imidoyl selanide 345. No column chromatography was necessary in these 
reactions, simple filtration and recrystallisation was sufficient for purification. 
cclO I~ N~~~ 
HO M 
I 
341 
PCls 
PhMe, 110·C 
(83%) 
CCICI I~ N~N~ 
c'M I 
344 
(Phseh'lTHF, rt 
K-selectride, (73%) 
CC'>:::: I SePh ~N~N~ 
PhSe ,M 
345 
Scheme 102: Synthesis oran iodo-substituted bis-imidoyl-chloride and -selanide. 
Unfortunately, when the di-iodide 345 was subjected to standard Sonogashira conditions in 
the presence of phenylacetylene, none of the desired di-alkynyl compound 343 could be 
isolated (Scheme 103). Only starting materials were recovered from the reaction mixture. 
CC'>:::: I SePh ~N~N~ 
PhSe ,M 
345 
Pd(PPh3hCI2 Cui, 
Et3N,= Ph 
#' .. 
DMF, rt 
I '>:::: SePh 
Ph Se I ~ 
343 Ph 
~ 
Scheme 103: Attempted Sonogashira coupling ofa bis-aryl iodide with phenylacetylene. 
A number of variations to the Sonogashira conditions were tried, using propargyl alcohol as 
the terminal alkyne in order to facilitate easy TLC analysis (Table 15, entries 1-4). The 
replacement of an iodide group with a phenylacetylene group does generally not change the 
polarity of the substrate, making TLC analysis difficult. Generally, the amount of palladium 
catalyst was doubled to 10% per iodide. Having observed blue fractions during column 
chromatography of the Sonogashira reaction with di-iodide 345, we were concerned, that the 
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substrate could form complexes with the copper iodide co-catalyst, and thereby deactivate it. 
Therefore, we performed these reactions with an increased amount of co-catalyst, and we also 
raised the temperature in some experiments. 
In the first experiment the amount of copper iodide was raised to 120% per iodide, but only 
starting material was obtained, and none of the bis-alkyne 346 could be detected (Table 15, 
entry 1). Raising the temperature to 40 QC using refluxing DCM also resulted in starting 
material (Table 15, entry 2). When the temperature was raised to 66 QC the starting material 
was consumed, but none of the desired product 346 could be isolated, as a complex mixture 
was obtained (Table 15, entry 3). This was also the case, when 120% equivalent of zinc 
chloride was used as an additional co-catalyst at 66 QC (Table 15, entry 4). 
C(-..:::: I SePh 
o N~N~ 
PhSe ,M 
345 
Conditions 
OH 
#' 
Se Ph 
~ _N 
N- Y 
PhSe I 
#' 
HO 346 
Table 15: Variation of Sonogashira coupling conditions to afford alkyne-tethered his-imidoyl selanides.8 
Entry %Pdli Co-cat. % Co-cat.1i Solvent Temp. ResultC 
1 10% CuI 120% DMF 20°C Starting material 
2 10% CuI 20% DCM 40°C Starting material 
3 10% CuI 20% THF 66°C Complex mixture, 346 not detected 
4 10% ZnCIz/CuI 120120% THF 66°C Complex mixture, 346 not detected 
a Triethylamine, co-catalyst and propargyl alcohol were dissolved in solvent and the mixture flushed with N2, 
before adding 345 and Pd(PPh3)2CIz, and stirring for 24 h, b percentage per iodide, C obtained by TLC and 'H 
NMR spectroscopic analysis of crude. 
Considering that the bis-imidoyl phenylselanides could coordinate with the palladium catalyst 
through either selenium and/or nitrogen, and perhaps thereby lower the catalysts activity, we 
wanted to test the Sonogashira conditions on the bis-imidoyl chloride 344. Also, we wanted to 
test alternative palladium catalysed coupling reaction, such as Stille146,147 and Negishi l48 
couplings, on both the bis-imidoyl-chloride and -selanide. The results of these experiments 
are summarised in Table 16. 
As shown the use of the chloride substrate in place of the phenylselanide substrate did not 
improve on the yields of the standard Sonogashira couplings (Table 16, entry 1). It was found 
that imidoyl selanide 347 could not be isolated, and the major product of this reaction was the 
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homo-coupled dimer 348. Also Stille coupling conditions only furnished starting material 
both when used on imidoyl chloride 344 (Table 16, entry 2) and imidoyl selanide 345 (Table 
16, entry 3). Finally, Negishi coupling conditions were tested on substrate 345, which 
unfortunately also resulted in starting materials only (Table 16, entry 4). 
344, (X = Cl) 
345, (X = SePh) 
R Ph 
Conditions x I ~ 
~ 
Ph 
347, (X = Cl) 
343, (X = SePh) 
Ph" ~ 
+ ~ 
Ph 
348 
Table 16: Attempted palladium catalysed cross couplings of bis-imidoyl-chlorides and -selanides. 
Entry Substrate X R Conditions Result" 
344 Cl H Et3N, CuI, Pd(PPh3)2Ch, DMF, rt, 24 h Starting material and 
(Standard Sonogashira coupling) 348 isolated 
2 344 Cl BU3Sn Pd(PPh3)2Ch, PhMe, 80 °C, 3 h Starting material 
(Stille coupling) 
3 345 SePh BU3Sn Pd(PPh3)2Ch, PhMe, 80 °C, 3 h Starting material 
(Stille coupling) 
4 345 SePh H BuLi, ZnCIz, Then 345 and Pd(PPh3hCh, Starting material 
THF, rt, 3 h. 
ilie~ishi couElin~ 
a Obtained by TLC and IH NMR analysis of crude reaction mixture. 
It was concluded that the iodo-substituents of substrates 344 and 345 are somehow 
sufficiently de-activated to impede their participation in palladium catalysed coupling 
reactions. In an attempt to clarify the mechanism of this deactivation an X-ray crystal 
structure of bis-imidoyl selanide 345 was obtained (Figure 11). 
The crystal structure shows the bis-imidoyl selanide 345 prefers the Z,Z-configuration around 
the C=N bonds. It also shows that the iodo-substituents are in no way in a sterically hindered 
position, eliminating this as an explanation for their poor reactivity. 
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Figure 11: X-ray crystal structure of bis-imidoyl selanide 345 (protons omitted). 
5.2.3. Synthesis of bis-phenanthridine precursors 
As we had had little success in synthesising indolo[ a ]carbazole precursors we set out instead 
to synthesise the pyridoacridine marine alkaloid eilatin 349 (X = N) (Scheme 104).149 This 
alkaloid has been shown to have significant anti-cancer activity, and is therefore of interest. 150 
Eilatin and heterocycles related in structure should be available from oxidation of bis-
phenanthridine derivatives such as 350, which are the result of sequential imidoyl radical 
cyclisation onto the phenyl or pyridine rings of precursors 351. The spatial setup of the 
imidoyl radicals generated from 351, with respect to the phenyl ring or pyridyl ring, 
corresponds to that of the successful imidoyl radical cyclisations reported by Nanni and co-
workers using imine precursors (Scheme 29, page 1-18). 
349 
eilatin (X = N) 
oxidation 
~ 
o:,2x ~ I X 7' ..... ~ I ~~\ ~ I 
N 1i \ 
N 
350 
sequential 
radical 
cyclisation 
~ 
SePh 
~ ~N 
N- I 
PhSe 
351,X = C, N 
Scheme 104: Retrosynthesis of bis-phenanthridines and possible alkaloid target 349 (X = N). 
We therefore synthesised the oxalamide 352 from 2-aminobiphenyl in 88% yield and 
converted this successfully to the bis-imidoyl phenylselanide 353 in 76% yield (Scheme 105). 
Due to time restrictions we did not synthesise any pyridyl precursors of eilatin. The necessary 
pyridyl equivalent of 2-aminobiphenyl is not commercially available, and would have to be 
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synthesised. Suzuki type couplings of 4-pyridylboranes with aryl iodides have been 
reported,151 and should facilitate the synthesis of these intermediates. 
cc? 1) PCls, PhMe, 110 ·C oxalyl o H 2) (PhSe)2, K-selectride SePh ~ ~ chloride N~N THF,rt ~N .. .. I 0 NH2 THF, rt N ~ (88%) H 0 (76%) PhSe 
352 353 
Scheme 105: Synthesis ora bis-N,N-biphenyl substituted imidoyl selanide. 
5.3. Radical reactions of his-imidoyl selanides 
An attempted cyclisation of 353 was performed using TBTH triethylborane initiation at room 
temperature. The starting material was consumed and there appeared to be one major product 
by TLC analysis after 3 days of reaction time. The slow reaction rate indicated an oxidative 
reaction mechanism, and it was hoped that this product would be the 6-(bis)phenanthridyl 
354. 
~P~N 
N- 'I 
PhSe 
353 
BU3SnH 
Et3B/02 
---------... 
PhMe, rt, 72 h 
354 
Scheme 106: Attempted synthesis ora bis-phenanthridine. 
Unfortunately, a flash sinter column to remove tin residues appeared to result in a complex 
mixture by TLC and IH NMR spectroscopic analysis, so the reaction should be repeated using 
a different purification procedure, as the products may be unstable to silica. Due to lack of 
time this experiment has not been repeated. 
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5.4. Conclusion 
In summary, it was found that oxalamides can be converted to bis-imidoyl selanides using 
phosphorus pentachloride to make stable bis-imidoyl chlorides, which were converted to 
selanides via treatment with phenylselanate. 
In order to synthesise indolo[a]carbazoles and related natural products via sequential imidoyl 
radical reactions, the synthesis of alkyne tethered bis-imidoyl selanides was required. Alkyne 
tethered oxalamides were synthesised, but they could not be converted to the corresponding 
bis-imidoyl selanides, as phosphorus pentachloride appeared to cause the substrates to 
disintegrate. Numerous attempts to introduce the alkyne substituents, after conversion of the 
oxalamides to bis-imidoyl-chlorides or -phenylseIanides using various palladium catalysed 
coupling reactions, were also unsuccessful. A crystal structure of a bis-imidoyl selanide was 
obtained, showing the Z,Z-configuration of these compounds, but it did not aid in explaining 
the lack of reactivity of the aryl iodide towards palladium catalysed coupling reactions. 
Instead, an initial investigation into the synthesis of a bis-pyridoacridine alkaloid eiIatin was 
carried out. This required the synthesis of N-biaryl(bis)imidoyl phenylselanides, and a N-
biphenyl(bis)imidoyl phenylselanide was synthesised from 2-aminobiphenyl in two steps. 
One attempt at a sequential radical cyclisation onto the phenyl rings of this precursor was 
performed, however, the products appeared to disintegrate to a complex mixture during 
purification on silica. Although the initial results look promising no further attempts have 
been made at these cyclisation due to time restrictions. 
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Chapter 6. Experimental 
6.1. General experimental 
Unless stated otherwise all manipulations were conducted using standard Schlenk techniques 
under a nitrogen atmosphere. Unless otherwise noted, reagents were commercially available 
and used without further purification. Reaction solvents were obtained commercially dry, 
except light petroleum (40-60 QC) and ethyl acetate which were distilled from calcium 
chloride, dichloromethane from calcium hydride and tetrahydrofuran from 
sodiumlbenzophenone. 
Flash column chromatography was carried out using Merck Kieselgel 230-400 mesh under 
pressure using mixtures of EtOAc/light petroleum as eluent unless otherwise indicated. 
Analytical thin layer chromatography was performed using precoated glass-backed plates 
(Merck Kieselgel 60 F254) and visualised by ultra-violet radiation (254 nm), iodine dip or 
acidic potassium permanganate solution as appropriate. 
Infrared spectra were obtained using a Perkin-Elmer Paragon 1000 FT-IR spectrophotometer. 
Nuclear magnetic resonance spectra were recorded on a Bruker AC-250 eH, 250 MHz) or a 
Bruker DPX 400 eH, 400 MHz; i3C, 100 MHz) spectrometer using tetramethylsilane as an 
internal standard. Mass spectra were recorded on a JEOL SXI02 mass spectrometer or carried 
out by the EPSRC Mass Spectrometry Service at University of Wales, Swansea. All mass 
spectra are electron impact spectra (El) unless otherwise stated. Elemental analyses were 
determined on a Perkin Elmer 2400 CHN Elemental Analyser in conjunction with a Perkin 
Elmer AD-4 Autobalance. All melting points were measured with a Stuart Scientific melting 
point apparatus SMP3 and are uncorrected. 
Sodium Hydride was obtained as 60% dispersion in mineral oil. Phosgene was obtained as a 
20% solution in toluene. K-selectride® is a IM solution of potassium tri-isobutyl borohydride 
in THF. Reaction solutions were dried with magnesium sulphate during work up, unless 
otherwise stated. The dilute hydrochloric acid used was 2 M. 
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6.2. Experimental for chapter 2 
Synthesis of N-(phenethyl)-4-phenyl-butyramide 168152 
H 
Ph~N~Ph 
o 
168 
4-Phenylbutyric acid (1.00 g, 6.09 mmol), 2-phenethylamine (0.76 mL, 6.09 mmol), 
dicyclohexyl carbodiimide (1.51 g, 7.31 mmol) and I-hydroxybenzotriazole monohydrate 
(0.08 g, 0.61 mmol) was dissolved in DCM and stirred for 18 h at room temperature. The 
reaction mixture was filtered through celite, washed with 0.5 M aqueous HCI, saturated 
NaHC03 solution and brine, dried and evaporated under reduced pressure. The residue was 
purified by column chromatography followed by recrystallisation in ethyl acetate giving N-
(phenethyl)-4-phenyl-butyramide 168 (1.27 g, 78%) as colourless crystals, mp 79-80 °C 
(lit.,152 81-82 QC); vrnax(neat)/cm-I 3304 (N-H) , 1653 (C=O), 1636 (C=O), 749, 695 (Ph); 
oH(250 MHz) 1.88-2.01 (2 H, m, 3-H), 2.10-2.16 (2 H, m, 2-H), 2.63 (2 H, t, J = 7.4, 4-H), 
2.82 (2 H, t, J = 6.9, N-phenethyI2-H), 3.53 (2 H, m, N-phenethyl I-H), 5.37 (1 H, bs, NH), 
7.13-7.32 (10 H, m, Ph-H); Oc 27.44 (3-C), 35.51,36.08,36.25 (2-C, 4-C and N-phenethyI2-
C), 40.87 (N-phenethyl I-C), 126.34 (PhCH), 126.92 (PhCH), 128.77 (PhCH), 128.87 
(PhCH), 129.05 (PhCH), 129.15 (PhCH), 139.27 (PhC), 141.88 (PhC), 173.02 (CO); mlz (El) 
267.1619 (M+, C1SH21NO requires 267.1623), 163 (100%), 104 (97), 91 (84). 
Synthesis of N-(phenethyl)-4-phenyl-thiobutyramide 169 
H 
Ph~N~Ph 
o 
168 
H 
Ph~N~Ph 
S 
169 
Stirred toluene was flushed with nitrogen for 15 min followed by addition of N-(phenethyl)-4-
phenyl-butyramide 168 (0.50 g, 1.87 mmol) and Lawesson's reagent (0.53 g, 1.31 mmol). The 
yellow solution was stirred under reflux for 2 h and evaporated under reduced pressure. The 
resulting residue was purified by column chromatography giving N-(phenethyl)-4-phenyl-
thiobutyramide 169 (0.482 g, 91 %) as a yellow solid. (Found: C, 75.54; H, 7.36; N, 4.83. 
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CIsH21NS requires C, 76.28; H, 7.47; N, 4.94%); vmax(neat)/cm-I 3225 (N-H), 2945 (Sp3 C-
H), 1547 (N-H def.), 1454 (C=S), 1413 (C=S), 1124 (C-N), 751, 698 (Ph); oH(250 MHz) 
2.03-2.15 (2 H, m, 3-H), 2.58 (2 H, t, J = 7.5, 2- or 4-H), 2.62 (2 H, t, J = 7.6, 2- or 4-H), 2.97 
(2 H, t, J = 6.9, N-phenethyI2-H), 3.91-3.99 (2 H, m, N-phenethyl I-H), 7.05 (1 H, bs, NH), 
7.11- 7.36 (10 H, m, Ph-H); Oc 30.99 (3-C), 34.12 (alkyl CH2), 35.09 (alkyl CH2), 46.62 
(alkyl CH2), 47.09 (alkyl CH2), 126.44 (PhCH), 127.25 (PhCH), 128.85, 128.86 (PhCH), 
129.11 (PhCH), 129.24 (PhCH), 138.53 (PhC) , 141.67 (PhC), 205.66 (C=S). mlz (El) 
283.1390 (~, CISH21NS requires 283.1395), 179 (35%), 105 (100), 91 (26). 
Attempted synthesis of N-(phenethyl)-4-phenyl-butyrimidoyl-(O-ethyl)-xanthate 170 
H 
Ph~N-..../'Ph 
o 
168 170 
N-Phenethyl-4-phenyl-butyramide 168 (1.00 g, 3.74 mmol) was dissolved in DCM, cooled to 
o °C followed by drop wise addition of 5 drops of DMF and a 20% solution of phosgene in 
toluene (4 mL, 7.48 mmol). The reaction mixture was stirred for 5 h at room temperature and 
excess phosgene and HCI was evaporated (high vacuum, 50°C). The resulting yellow oil was 
dissolved in THF and potassium o-ethyl xanthic acid (0.60 g, 3.74 mmol) was added followed 
by stirring overnight at room temperature. The resulting residue was evaporated under 
reduced pressure and the products were separated by column chromatography. None of the 
isolated products was the desired xanthate 170. 
General procedure for the conversion of amides to imidoyl selanides (standard 
selanation conditions). 
The amide (3.00 mmol) was dissolved in dry DCM (50 mL) followed by addition of 6 drops 
of DMF and then drop wise addition of a 20% phosgene solution in toluene (4.76 mL, 9.00 
mmol) at 0 cC. The reaction mixture was stirred overnight at room temperature followed by 
evaporation under reduced pressure affording the imidoyl chloride. This residue was 
immediately taken up in anhydrous THF (50 mL) and transferred into a suspension of (PhSe)z 
(0.47 g, 1.50 mmol) and K-selectride® (3.30 mL, 3.30 mmol) in THF (20 mL). The reaction 
mixture was stirred until completion or overnight at room temperature and evaporated under 
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reduced pressure. The resulting residue was dissolved in DCM, washed with water, dried and 
evaporated under reduced pressure. The resulting crude product was purified by column 
chromatography and recrystallisation in ethyl acetate if applicable to give the imidoyl 
selanide. 
Synthesis of N-(phenethyl)-4-phenyl-selenobutyrimidic acid phenyl ester 175 
H 
Ph~N~Ph 
o 
168 
Ph~N~Ph 
SePh 
175 
Standard selanation conditions were employed using N-(phenethyl)-4-phenyl-butyrarnide 168 
(1.00 g, 3.74 mmol). This gave N-(phenethyl)-4-phenyl-selenobutyrirnidic acid phenyl ester 
175 (0.464 g, 31%) as a yellow oil that crystallised slowly upon freezing, mp 37-38 QC. 
(Found: C, 70.53; H, 6.04; N, 3.28. C24H25NSe requires C, 70.93; H, 6.20; N, 3.45%); 
vrnax(neat)/crn-1 2922 (Sp3 C-H), 1644 (C=N), 739,697 (Ph); oH(250 MHz) 1.71-1.83 (2 H, m, 
3-H), 2.26 (2 H, t, J= 7.5, 2-H), 2.39 (2 H, t, J= 7.6, 4-H), 3.05 (2 H, t, J= 7.6, N-phenethyl 
2-H), 3.69 (2 H, t, J= 7.6, N-phenethyll-H), 6.98-7.01 (2 H, rn, Ph-H), 7.11-7.42 (11 H, m, 
Ph-H), 7.56-7.65 (2 H, rn, Ph-H); Oc 29.73 (3-C), 35.42, 37.21, 40.45 (2-, 4-C and N-
phenethyl 2-C), 57.69 (N-phenethyl I-C), 126.11, 126.60, 127.72, 128.16, 128.66, 128.80, 
128.97, 129.03, 129.18, 129.28, 129.42, 129.56, 129.64, 129.76, 131.92, 137.52, 140.40, 
142.31 (PhC and PhCH), 162.65 (C=N); mlz (LSIMS) 408.1230 [(M+H)\ C24H26NSe 
requires 408.1225]. 
Synthesis of 4-(2-formylpyrrol-l-yl)-butyric acid 176 
n 
OHC-«N» 
n 
OHC-«N» 
H ~OH 
o 
176 
Pyrrole-2-carboxaldehyde (5.00 g, 52.58 mmol) was added to a stirred suspension of sodium 
hydride (2.31 g, 57.83 mmol) in DMF and left stirring for 1 h. The reaction mixture was 
cooled to 0 °C and ethyl 4-bromobutyrate (9.03 mL, 63.09 mmol) was added drop wise 
followed by stirring for 2 h. The solution was allowed to heat to room temperature and was 
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stirred for an additional 24 h. The crude mixture was partitioned between ethyl acetate and 
water and the organic layer was separated and washed five times with brine. The organic layer 
was dried and evaporated under reduced pressure yielding a pale yellow oil. The ester was 
hydrolysed with no further purification by treatment with aqueous LiOH (1 M, 200 mL). 
Ethanol was added to the reaction mixture until homogeneity was achieved, and the solution 
was stirred at room temperature for 2 h. The reaction mixture was washed with ethyl acetate 
and the aqueous layer was acidified to pH 1 with dilute aqueous HCI, and extracted with ethyl 
acetate. The organic layers were combined and washed with water, dried and evaporated 
under reduced pressure. The residue crystallised upon freezing, and the crystals were washed 
with ice cold light petroleum yielding 4-(2-formylpyrrol-l-yl)-butyric acid 176 (7.49 g, 79%) 
as dark purple crystals, mp 46-47 QC. vmax(neat)/cm-1 3106 (OH), 1718 (C=O), 1619 (C=O), 
1402 (C-O); <>H(250 MHz) 2.08-2.16 (2 H, m, 3-H), 2.35 (2 H, t, J= 7.3, 2-H), 4.40 (2 H, t, J 
= 6.8, 4-H), 6.24 (1 H, dd, J= 4.0,2.7, pyrrole 4-H), 6.94-6.98 (2 H, m, pyrrole 3- and 5-H), 
9.52 (1 H, s, CHO); <>c 26.59 (3-C), 30.93 (2-C), 48.26 (4-C), 110.34 (pyrrole 4-C), 125.92 
(pyrrole 3-C), 131.57 (pyrrole 2-C), 132.27 (pyrrole 5-C), 178.97 (C02H), 179.97 (CHO); mlz 
(El) 181.0741 (M+, C9HIlN03 requires 181.0739), 164 (6%), 136 (17),122 (100). 
Synthesis of 4-(2-cyanopyrrol-l-yl)-hutyric acid 177 
n NC~N» 
n NC~N» 
H ~OH 
o 
177 
Pyrrole-2-carbonitrile (4.00 g, 43.43 mmol) was added to a stirred suspension of sodium 
hydride (1.9 g, 47.77 mmol) in DMF and left stirring for 1 h. The reaction mixture was cooled 
to 0 °C and ethyl 4-bromobutyrate (7.50 mL, 52.12 mmol) was added drop wise followed by 
stirring for 2 h. The solution was allowed to heat to room temperature and was stirred for an 
additional 48 h. The crude mixture was partitioned between ethyl acetate and water and the 
organic layer was separated and washed five times with brine. The organic layer was dried 
and evaporated under reduced pressure yielding a pale yellow oil. The ester was hydrolysed 
with no further purification by treatment with aqueous LiOH (1 M, 200 mL). Ethanol was 
added to the reaction mixture until homogeneity was achieved, and the solution was stirred at 
room temperature for 3 h. The reaction mixture was washed with ethyl acetate and the 
aqueous layer was acidified to pH 1 with dilute aqueous HCI, and extracted with ethyl acetate. 
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The organic layers were combined and washed with water, dried and evaporated under 
reduced pressure. The residue crystallised upon freezing, and the crystals were washed with 
ice cold light petroleum yielding 4-(2-cyanopyrrol-l-yl)-butyric acid 177 (6.46 g, 83%) as 
colourless crystals, mp 50-52 QC. (Found: C, 59.85; H, 5.61; N, 15.23. C9H lON20 2 requires C, 
60.66; H, 5.66; N, 15.72%); vrnax(neat)/cm- l 3120 (O-H), 2955 (Sp3 C-H), 2216 (CN), 1708 
(C=O); DH(250 MHz) 2.05-2.21 (2 H, m, 3-H), 2.31-2.39 (2 H, m, 2-H), 4.17 (2 H, t, J= 6.9, 
4-H), 6.19 (1 H, dd, J= 4.0, 1.6, pyrrole 4-H), 6.80 (1 H, dd, J= 4.0, 1.6, pyrrole 3- or 5-H), 
6.85 (l H, dd, J = 2.7, 1.6, pyrrole 3- or 5-H); Dc 26.37 (3-C), 30.76 (2-C), 48.00 (4-C), 
103.98, 110.15, 114.07 (pyrrole 2-, 4-C and CN), 120.73 (pyrrole 3- or 5-C), 127.06 (pyrrole 
3- or 5-C), 178.67 (C02H); mlz (El) 178.0741 (M\ C9HlON202 requires 178.0742), 178 
(100%), 161 (4), 133 (13), 119 (87), 105 (71), 92 (55). 
Synthesis of 4-(2-formylpyrrol-l-yl)-N-(phenethyl)-butyramide 178 
n OHC~N» 
~OH 
o 
176 
n OHC~N» 
~~~Ph 
o 
178 
4-(2-Formylpyrrol-l-yl)-butyric acid 176 (1.74 g, 9.61 mmol), 2-phenethylamine (1.21 mL, 
9.61 mmol) , dicyc10hexyl carbodiimide (2.38 g, 11.53 mmol) and 1-hydroxybenzotriazole 
monohydrate (0.13 g, 0.96 mmol) was dissolved in DCM and stirred for 24 h at room 
temperature. The reaction mixture was filtered through celite, washed with 0.5 M aqueous 
HC1, saturated NaHC03 solution and brine, dried and evaporated under reduced pressure. The 
residue was purified by column chromatography followed by recrystallisation in ethyl acetate 
giving 4-(2-formylpyrrol-l-yl)-N-(phenethyl)-butyramide 178 (2.05 g, 75%) as colourless 
crystals, mp 69-70 QC. (Found: C, 71.53; H, 7.02; N, 9.82. C17H2oN20 2 requires C, 71.81; H, 
7.09; N, 9.85%); vrnax(neat)/cm- l 3300 (N-H), 2932 (Sp3 CH), 1661 (C=O), 1650 (C=O), 755, 
700 (Ar); DH(250 MHz) 1.99-2.17 (4 H, m, 2- and 3-H), 2.84 (2 H, t, J= 7.0, N-phenethyI2-
H), 3.54 (2 H, dt, J = 7.0, 6.9, N-phenethyl I-H), 4.30 (2 H, t, J = 6.9, 4-H), 5.77 (1 H, bs, 
NH), 6.20-6.23 (1 H, m, pyrrole 4-H), 6.93-6.94 (2 H, m, pyrrole 3- and 5-H), 7.18-7.31 (5 H, 
m, Ph-H), 9.49 (l H, s, CHO); Dc 27.41 (3-C), 33.23 (2-C), 36.00 (N-phenethyl 2-C), 40.97 
(N-phenethyl I-C), 48.51 (4-C), 110.17 (pyrrole 4-C), 125.70 (ArCH), 126.91 (ArCH), 
129.02 (PhCH), 129.15 (PhCH), 131.60 (pyrrole 2-C), 132.23 (ArCH), 139.24 (Ph I-C), 
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172.17 (CONH), 179.69 (CHO); mlz (El) 284.1531 (M+, C17H20N202 requires 284.1525), 256 
(65%), 163 (16), 136 (100), 104 (37), 91 (12). 
Synthesis of 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-hutyramide 179 
n 
NC-«N» 
~OH 
o 
177 
n NC~N» 
~~~Ph 
o 
179 
4-(2-Cyanopyrrol-l-yl)-butyric acid 177 (5.00 g, 28.06 mmol), 2-phenethylamine (3.52 mL, 
28.06 mmol), dicyc10hexyl carbodiimide (6.95 g, 33.67 mmol) and I-hydroxybenzotriazole 
monohydrate (0.38 g, 2.81 mmol) was dissolved in DCM and stirred for 24 h at room 
temperature. The reaction mixture was filtered through celite, washed with 0.5 M aqueous 
HCl, saturated NaHC03 solution and brine, dried and evaporated under reduced pressure. The 
residue was purified by column chromatography followed by recrystallisation in ethyl acetate 
giving 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-butyramide 179 (5.84 g, 74%) as colourless 
crystals, mp 90-91 QC. (Found: C, 72.51; H, 6.67; N, 14.86. C17HI9N30 requires C, 72.57; H, 
6.81; N, 14.94%); vrnax(neat)/cm-1 3290 (N-H), 2935 (Sp3 C-H), 2216 (CN), 1636 (C=O), 1558 
(N-H def.), 742, 698 (Ar); oH(250 MHz) 2.05-2.20 (4 H, m, 2-H and 3-H), 2.82 (2 H, t, J = 
7.0, N-phenethy12-H), 3.53 (2 H, dt, J= 7.0, 6.9, N-phenethyll-H), 4.08 (2 H, t, J= 6.7, 4-
H), 5.47 (1 H, bs, NH), 6.15 (1 H, dd, J= 3.9,2.8, pyrrole 4-H), 6.77 (1 H, dd, J= 3.9, 1.6, 
pyrrole 3- or 5-H), 6.81 (1 H, dd, J= 2.8,1.6, pyrrole 3- or 5-H), 7.18-7.36 (5 H, m, Ph-H); Oc 
27.14 (3-C), 32.88 (2-C), 35.97 (phenethy12-C), 40.95 (phenethyll-C), 48.28 (4-C), 103.87, 
109.98, 114.35 (pyrrole 2-, 4-C and CN), 120.54 (ArCH), 127.00 (ArCH), 127.22 (ArCH), 
129.08 (PhCH), 129.13 (PhCH), 139.08 (PhC), 171.61 (CONH); mlz (El) 281.1539 (~, 
C17H19N30 requires 281.1528), 281 (21%),190 (30),177 (68), 161 (91), 118 (50), 104 (100), 
91 (35). 
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Synthesis of 4-(2-cyanopyrrol-l-yl)-N-(p-tolyl)-butyramide 180 
n NC~N) 
~OH 
o 
177 180 
4-(2-Cyanopyrrol-l-yl)-butyric acid 177 (1.20 g, 6.73 mmol), p-toluidine (0.794 g, 7.41 
mmol), dicyclohexyl carbodiimide (1.67 g, 8.08 mmol) and I-hydroxybenzotriazole 
monohydrate (0.04 g, 0.67 mmol) was dissolved in DCM and stirred for 24 h at room 
temperature. The reaction mixture was filtered through celite, washed with 0.5 M aqueous 
HCI, saturated NaHC03 solution and brine, dried and evaporated under reduced pressure. The 
residue was purified by column chromatography giving 4-(2-cyanopyrrol-l-yl)-N-(p-tolyl)-
butyramide 180 (1.56 g, 87%) as colourless crystals, mp 81-83 QC. (Found: C, 71.35; H, 6.72; 
N, 15.50. C16H17N30 requires C, 71.89; H, 6.41; N, 15.72%); vrnax(neat)/cm- l 3314 (N-H), 
2931 (Sp3 C-H), 2215 (CN), 1661 (C=O), 1602 (C=O), 1537 (N-H def.), 817 (p-subst. 
benzene); oH(250 MHz) 2.11-2.38 (4 H, m, 2- and 3-H), 2.30 (3 H, s, CH3), 4.13 (2 H, t, J= 
6.6, 4-H), 6.17 (1 H, dd, J = 4.0, 2.7, Pyrrole 4-H), 6.78 (1 H, dd, J = 4.0, 1.5, pyrrole 3- or 5-
H), 6.87 (1 H, dd, J = 2.7, 1.5, pyrrole 3- or 5-H), 7.10 (2 H, d, J = 8.4, Ar 3, 5-H), 7.37 (2 H, 
d,J= 8.4, 2, 6-H), 7.59 (1 H, bs, NH); Oc 20.88 (CH3), 26.74 (3-C), 33.36 (2-C), 47.94 (4-C), 
103.45 (pyrrole 2-C or CN), 109.74 (pyrrole 4-C), 114.09 (pyrrole 2-C or CN), 120.16 (Ar 2, 
6-C), 120.28 (pyrrole 3- or 5-C), 126.94 (pyrrole 3- or 5-C), 129.49 (Ar 3, 5-C), 134.10 
(ArC), 135.16 (ArC), 169.71 (C=O); mlz (El) 267.1370 (M\ CI6H17N30 requires 267.1372), 
267 (63%), 149 (56), 118 (12), 107 (100), 91 (9). 
Attempted synthesis of 4-(2-formylpyrrol-l-yl)-N-(phenethyl)-thiobutyramide 181 
n OHC~N) 
~~~Ph 
o 
178 
n OHC~N) 
~~~Ph 
S 
181 
4-(2-Formylpyrrol-l-yl)-N-(phenethyl)-butyramide 178 (1.90 g, 6.68 mmol) and Lawesson's 
reagent (1.89 g, 4.67 mmol) was dissolved in toluene. The solution immediately turned dark 
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blue. The reaction mixture was stirred for 2 h at reflux and evaporated under reduced 
pressure. The resulting blue residue was insoluble in organic solvents, water and aqueous acid 
and base, and was not characterised. 
Synthesis of 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-thiobutyramide 182 
n 
NC.-«.N) 
~~~Ph 
o 
179 
n 
NC.-«.N» 
~~~Ph 
S 
182 
Stirred toluene was flushed with nitrogen for 15 min followed by addition of 4-(2-
cyanopyrrol-l-yl)-N-(phenethyl)-butyramide 179 (1.00 g, 3.55 mmol) and Lawesson's reagent 
(0.65 g, 1.62 mmol). The yellow solution was stirred under reflux for 3 h and evaporated 
under reduced pressure. The resulting yellow residue was dissolved in DCM, washed with 
saturated NaHC03 solution and brine, dried and evaporated under reduced pressure. The 
crude product was purified by column chromatography using DCM as eluent giving 4-(2-
cyanopyrrol-l-yl)-N-(phenethyl)-thiobutyramide 182 (0.922 g, 96%) as a colourless powder. 
(Found: C, 68.13; H, 6.48; N, 13.92. C17HI9N3S requires C, 68.65; H, 6.44; N, 14.13%); 
vmax(neat)/cm-1 3290 (N-H), 2931 (Sp3 C-H), 2214 (CN), 1524 (N-H def.), 1453 (C=S), 1404 
(C=S), 740, 700 (Ar); oH(250 MHz) 2.25-2.37 (2 H, m, 3-H), 2.50 (2 H, t, J = 7.1, 2-H), 2.99 
(2 H, t,J= 7.0, N-phenethyI2-H), 3.94 (2 H, dt, J= 7.0,5.5, N-phenethyll-H), 4.06 (2 H, t, J 
= 6.8, 4-H), 6.15 (l H, dd, J= 4.0,2.7, pyrrole 4-H), 6.77 (1 H, dd, J = 4.0, 1.6, pyrrole 3- or 
5-H), 6.82 (1 H, dd, J = 2.7, 1.6, pyrrole 3- or 5-H), 7.19-7.42 (6 H, m, Ph-H and NH); Oc 
30.60 (3-C), 34.02 (2-C), 42.85 (N-phenethyl 2-C), 47.21, 47.84 (N-phenethyl l-C and 4-C), 
103.80, 110.15, 114.45 (pyrrole 2-, 4-C and CN), 120.64 (ArCH), 127.27, 127.28 (ArCH), 
129.09 (PhCH), 129.24 (PhCH), 138.43 (Ph I-C), 203.54 (C=S); m/z (ESI) 298.1374 
[(M+Ht, C17H2oN3S requires 298.1372], 297 (3%), 179 (5), 133 (3), 120 (6), 104 (100). 
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Attempted synthesis of 4-(2-formylpyrrol-l-yl)-N-(phenethyl)-selenobutyrimidic acid 
phenyl ester 183 
n OHC~N» 
~~~Ph 
o 
178 
n OHC~N» 
~N~Ph 
SePh 
183 
4-(2-Fonnylpyrrol-l-yl)-N-(phenethyl)-butyramide 178 (2.00 g, 7.03 mmol) was dissolved in 
dry DCM (50 mL) followed by addition of 5 drops of DMF and then drop wise addition of a 
20% phosgene solution in toluene (7.44 mL, 14.07 mmol). The reaction mixture turned red 
and later black while stirring for 4 h at room temperature. Evaporation under reduced pressure 
at 45°C to remove HCI afforded a black solid. The residue was immediately dissolved 
(partially) in dry THF and transferred into a suspension of (PhSe)2 (1.10 g, 3.52 mmol) and 
K-selectride® (7.74 mL, 7.74 mmol) in THF. The reaction mixture was stirred for 18 h at 
room temperature, evaporated under reduced pressure, dissolved in DCM and washed with 
water. The organic fraction was dried and evaporated under reduced pressure. TLC showed 
only (PhSeh and baseline products. IH NMR spectroscopic analysis of the crude product 
revealed no peaks in the pyrrole region, but only aromatic and aIiphatic peaks, presumably 
from (PhSeh and triisobutylborohydride. 
Synthesis of 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-selenobutyrimidic acid phenyl ester 
184 
n NC~N» 
~~~Ph 
o 
179 
n NC~N» 
~N~Ph 
SePh 
184 
Standard selanation conditions were employed using 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-
butyramide 179 (2.00 g, 7.11 mmol). This gave 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-
selenobutyrimidic acid phenyl ester 184 (1.91 g, 64%) as a yellow oil. vmax(neat)/cm-I 2925 
( Sp3 C-H), 2215 (CN), 1644 (C=N), 739, 693 (Ar); oH(250 MHz) 1.88-1.99 (2 H, m, 3-H), 
2.12 (2 H, t, J = 7.1, 2-H), 3.07 (2 H, t, J = 7.4, N-phenethyl 2-H), 3.70 (2 H, t, J = 7.4, N-
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phenethyll-H), 3.87 (2 H, t, J = 6.9, 4-H), 6.07 (1 H, dd, J = 4.0,2.7, pyrrole 4-H), 6.56 (1 H, 
dd, J= 2.7, 1.6, pyrrole 3- or 5-H), 6.70 (l H, dd, J= 4.0, 1.6, pyrrole 3- or 5-H), 7.19-7.43 (8 
H, m, Ph-H), 7.54-7.58 (2 H, m, Ph-H); ()c 28.64 (3-C), 37.05, 47.88, 57.31, 57.49 (aliphatic 
CH2), 103.72 (pyrrole 2-C or CN), 109.55 (pyrrole C-4), 114.17 (pyrrole 2-C or CN), 120.30 
(ArCH), 126.62 (ArCH), 127.03 (ArCH), 127.09 (ArC), 128.79 (ArCH), 129.37 (ArCH), 
129.44 (ArCH), 129.95 (ArCH), 137.51 (ArCH), 140.40 (ArC), 160.69 (C=N); mlz (LSIMS) 
422.1121 [(M+H)+' C23H24N3Se requires 422.1130]. 
Synthesis of 4-(2-cyanopyrrol-l-yl)-N-(p-tolyl)-selenobutyrimidic acid phenyl ester 185 
-0 
NC L-y~~ 
o ~ 
180 
-0 
__ ~ .. NC ~N~ 
sePh~ 
185 
Standard selanation conditions were employed using 4-(2-cyanopyrrol-l-yl)-N-(p-tolyl)-
butyramide 180 (3.00 g, 11.22 rnmol). This gave 4-(2-cyanopyrrol-l-yl)-N-(p-tolyl)-
selenobutyrimidic acid phenyl ester 185 (1.33 g, 29%) as a yellow solid, rnp 43-45 QC. (The 
starting amide 180 was recovered in 34% yield). (Found: C, 65.03; H, 5.08; N, 10.33. 
C22H21N3Se requires C, 65.02; H, 5.21; N, 10.34%); vmax(neat)/cm-1 2922 (Sp3 C-H), 2215 
(CN), 1640 (C=N), 738, 693 (Ar). ()H(250 MHz) 2.04-2.16 (2 H, rn, 3-H), 2.27 (2 H, t,J= 6.7, 
2-H), 2.35 (3 H, s, CH3), 4.02 (2 H, t, J = 6.9, 4-H), 6.11 (1 H, dd, J = 3.7, 3.0, pyrrole 4-H), 
6.71-6.73 (2 H, m, pyrrole 3- and 5-H), 6.82 (2 H, d, J = 8.2, toluoyl 3, 5-H), 7.18 (2 H, d, J 
=8.2, toluoyl 2, 6-H), 7.28-7.42 (3 H, rn, Ph-H), 7.57-7.60 (2 H, rn, Ph-H); ()c 21.01 (CH3), 
28.24,36.66 (2- and 3-C), 47.62 (4-C), 103.61 (ArC), 109.44 (ArCH), 113.70 (CN), 119.26 
(ArCH), 119.91 (ArCH), 126.47 (ArCH), 127.17 (ArC), 129.25 (ArCH), 129.56 (ArCH), 
129.78 (ArCH), 134.38 (ArC), 137.32 (ArCH), 148.23 (ArC), 164.62 (C=N); mlz (LSIMS) 
408.0984 [(M+Ht, C22H22N3Se requires 408.0979],408 (9%). 
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Cyclisation of 4-(2-cyanopyrrol-l-yl)-N-(phcncthyl)-thiobutyramidc 182 
n NC~N» 
~~--.../'Ph 
S 
182 
Using BU3SnH, AIBN, ~: 
186 
4-(2-Cyanopyrrol-l-yl)-N-(phenethyl)-thiobutyramide 182 (300 mg, 1.01 mmol) was 
dissolved in dry toluene (180 mL) and the solution was flushed with nitrogen for 15 min 
followed by heating to reflux. Tributyltin hydride (540 ilL, 2.02 mmol) was dissolved in 
toluene (20 mL) and added over 5 h via syringe pump, while AIBN (312 mg, 2.02 mmol) was 
added portion wise (52 mg) every 45 min (6 portions). After 5 h stirring at reflux the reaction 
mixture was cooled to room temperature. TLC and IH NMR spectroscopic analysis showed 
only starting material. 
Using (MC3Si)JSi-H, AIBN, hv: 
4-(2-Cyanopyrrol-l-yl)-N-(phenethyl)-thiobutyramide 182 (60 mg, 0.20 mmol) and AIBN (66 
mg, 0.40 mmol) were dissolved in dry toluene (10 mL) and the solution was flushed with 
nitrogen for 15 min followed by addition oftris-(trimethylsilyl) silane (0.25 mL, 0.8 mmol). 
The reaction was uv-irradiated for 20 h. TLC and IH spectroscopic analysis of the products 
revealed only starting materials. 
Using BU2GcH2, AIBN, ~: 
4-(2-Cyanopyrrol-l-yl)-N-(phenethyl)-thiobutyramide 182 (60 mg, 0.20 mmol) and 
dibutylgermanium dihydride (76 mg, 0.4 mmol) were dissolved in dry toluene (50 mL) and 
the solution was flushed with nitrogen for 15 min followed by heating to reflux. AIBN (66 
mg, 0.4 mmol) was added portion wise (11 mg) every 45 min (6 portions). After 5 h of 
stirring TLC and 1 H spectroscopic analysis of the products revealed only starting materials. 
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CycIisation of 4-(2-cyanopyrrol-l-yl)-N-(phenethyl)-selenobutyrimidic acid phenyl ester 
184 
n NC~N;> 
~N~Ph 
Se Ph 
184 189a 189b 
Attempts to isolate imine products directly and to hydrolyse the imines to isolate the 
corresponding ketone products both failed. Therefore, the following radical reactions are 
followed by reduction using sodium borohydride to isolate amine products. 
Using BU3SnH, AIBN, ~: 
4-(2-Cyanopyrrol-1-yl)-N-(phenethyl)-selenobutyrimidic acid phenyl ester 184 (300 mg, 0.71 
mmol) was dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 
15 min followed by heating to reflux. Tributyltin hydride (420 ilL, 1.43 mmol) was dissolved 
in toluene (20 mL) and added over 5 h via syringe pump, while AIBN (221 mg, 1.43 mmol) 
was added portion wise (37 mg) every 45 min (6 portions). After 5 h stirring at reflux the 
reaction mixture was cooled to room temperature. Methanol (5 mL) and sodium borohydride 
(83 mg, 2.20 mmol) were added followed by stirring for 16 h at room temperature. The 
reaction mixture was evaporated under reduced pressure, dissolved in ethyl acetate and 
extracted with dilute aqueous HCI (3 x 50 mL). The aqueous phase was washed with light 
petroleum (3 x 50 mL) and basified with sodium carbonate and aqueous NaOH solution 
followed by extraction with diethyl ether (4 x 50 mL). Both solutions containing respectively 
neutral and basic organic product were evaporated under reduced pressure. The neutral 
products were separated by column chromatography and were (PhSe h and AIBN residues. 
Three basic products were isolated using column chromatography, namely the desired 8-
(phenethylamino)-5,6,7,8-tetrahydroindolizine-3-carbonitrile 189a (12 mg, 7%) as a brown 
oil, 3-[( cyano-dimethy l)-methy 1]-8-(phenethy lamino )-3,5,6,7 ,8,8a-hexahydroindolizine-3-
carbonitrile 189b (12 mg, 6%) as colourless crystals, and finally 1-[4-(phenethylamino)-
butyl]-lH-pyrrole-2-carbonitrile 189c (25 mg, 13%) as a brown oil. The product ratio was 
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determined by IH NMR spectroscopic analysis of the crude basic products to be: 189a: 189b: 
189c, 1.6: 1: 4.3. These three products are characterised as follows: 
189a: vrnax(neat)/crn- I 3330 (N-H), 2932 (Sp3 C-H), 2209 (CN), 750, 700 (Ar); ()H(250 MHz) 
1.65-1.76 (1 H, rn, 6- or 7-H), 1.84-1.96 (1 H, rn, 6- or 7-H), 1.99-2.10 (1 H, rn, 6- or 7-H), 
2.14-2.25 (1 H, rn, 6- or 7-H), 2.82 (2 H, t, J = 6.7, N-phenethyl 2-H), 2.96 (2 H, t, J = 6.7, N-
phenethyll-H), 3.86 (1 H, dd, J= 7.2, 5.5, 8-H), 3.99 (2 H, t, J= 5.9, 5-H), 5.98 (1 H, d, J= 
3.9, I-H), 6.74 (1 H, d, J= 3.9, 2-H), 7.19-7.35 (5 H, rn, Ph-H); ()c 19.98 (6-C), 26.95 (7-C), 
36.32,44.45,48.01 (5-C and phenethyll- and 2-C), 51.56 (8-C), 102.31 (3-C), 107.07 (I-C), 
114.04 (CN), 119.49 (ArCH), 126.37 (ArCH), 128.55 (ArCH), 128.72 (ArCH), 132.47 (ArC), 
139.55 (Ph I-C); mlz (El) 265.1583 (M\ C17HI9N3 requires 265.1579), 265 (3%), 174 (14), 
160 (5), 145 (100), 118 (4), 105 (10), 91 (9), 77 (4). 
189b: vrnax(neat)/crn- I 3356 (N-H), 2915 (Sp3 C-H), 2230 (CN), 1693 (CH=CH), 738, 700 
(Ar); ()H(250 MHz) 1.62-2.28 (4 H, 6- and 7-H), 1.71 (3 H, s, CH3), 1.73 (3 H, s, CH3), 2.78-
2.85 (2 H, rn, phenethyI2-H), 2.95-3.02 (2 H, rn, phenethyll-H), 3.80-3.90 (2 H, rn, 8- and 9-
H), 4.06-4.12 (2 H, rn, 5-H), 5.89 (1 H, d, J= 3.8,1- or 2-H), 5.97 (1 H, d, J= 3.8,1- or 2-
H), 7.18-7.33 (5 H, rn, Ph-H); ()c 15.79 (CH3), 20.86, 27.34 (aliphatic CH2), 27.91 (CH3), 
30.72 [C(CN)Me2]' 36.47,44.56,48.25 (aliphatic CH2), 52.00, 57.41 (8- and 9-C), 64.08 (3-
C), 104.54, 105.64 (1-and 2-C), 123.45 (CN), 126.23 (Ph 4-C), 126.56 (Ph 3, 5-C), 128.53 
(Ph 2, 6-C), 129.52 (CN), 138.09 (Ph I-C); mlz (El) 307 (4%, loss of HCN), 239 (4), 187 
(100),172 (11),105 (5),91 (17). 
189c: vrnax(neat)/crn- I 3383 (N-H), 2927 (Sp3 C-H), 2214 (CN), 1653 (N-H def), 742, 701 
(Ar); ()H(250 MHz) 1.70-2.05 (4 H, rn, 2- and 3-H), 2.64 (2 H, t, J= 7.2, 4-H), 2.75-2.91 (4 H, 
rn, phenethyll- and 2-H), 4.03 (2 H, t,J= 7.2, I-H), 6.15 (1 H, dd, J= 3.9, 2.6, pyrrole 4-H), 
6.77 (1 H, dd, J= 3.9, 1.5, pyrrole 3- or 5-H), 6.81 (1 H, dd, J= 2.6, 1.5, pyrrole 3- or 5-H), 
7.01-7.33 (5 H, rn, Ph-H); ()c 26.88 (3-C), 28.99 (2-C), 36.26 (phenethyl 2-C), 48.79, 48.92, 
51.02 (1-,4- and phenethyl I-C), 103.61 (pyrrole 2-C), 109.49 (pyrrole 4-C), 113.92 (CN), 
119.93, 126.21, 126.35 (pyrrole 3-, 5- and Ph 4-C), 128.51, 128.71 (Ph 2, 6-C and 3, 5-C), 
139.90 (Ph I-C); mlz (El) 266.1655 [(M-Ht, C17H2oN3 requires 266.1657], 266 (6%), 176 
(100), 132 (39), 105 (46),91 (15). 
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Using (Me3SihSi-H, AIBN,~: 
4-(2-Cyanopyrrol-I-yl)-N-(phenethyl)-selenobutyrimidic acid phenyl ester 184 (200 mg, 0.48 
mmol) was dissolved in dry toluene (120 mL) and tris-(trimethylsilyl) silane (590 J.1L, 1.90 
mmol) was added. The solution was flushed with nitrogen for IS min followed by heating to 
reflux. AIBN (156 mg, 0.95 mmol) was added portion wise (26 mg) every 45 min (6 
portions). After 5 h stirring at reflux the reaction mixture was cooled to room temperature. 
Ethanol (5 mL) and sodium borohydride (72 mg, 1.9 mmol) were added followed by stirring 
for 16 h at room temperature. The reaction mixture was evaporated under reduced pressure, 
dissolved in ethyl acetate and extracted with dilute aqueous HCI (3 x 50 mL). The aqueous 
phase was washed with light petroleum (3 x 50 mL) and basified with sodium carbonate and 
aqueous NaOH solution followed by extraction with diethyl ether (4 x 50 mL). The organic 
phase was dried and evaporated under reduced pressure and 189a, 189b and 189c were 
isolated by column chromatography in yields of 9%, 4% and 44% respectively. The product 
ratio was determined by IH NMR spectroscopic analysis of the crude basic products to be: 
189a: 189b: 189c, 2: I: 7.8. 
Using BU2GeH2, AIBN, ~: 
4-(2-Cyanopyrrol-1-yl)-N-(phenethyl)-selenobutyrimidic acid phenyl ester 184 (100 mg, 0.24 
mmol) was dissolved in dry toluene (lOO mL) and dibutylgermanium dihydride (100 J.1L, 0.48 
mmol) was added. The solution was flushed with nitrogen for 15 min followed by heating to 
reflux. AIBN (78 mg, 0.48 mmol) was added portion wise (6 mg) every 45 min (15 portions). 
After 14 h stirring at reflux the reaction mixture was cooled to room temperature. Ethanol (5 
mL) and sodium borohydride (72 mg, 1.9 mmol) were added followed by stirring for 16 h at 
room temperature. The reaction mixture was evaporated under reduced pressure, dissolved in 
diethyl ether, washed twice with saturated NaHC03 solution. The organic phase was dried and 
evaporated under reduced pressure. TLC and IH NMR spectroscopic analysis of the crude 
reaction products revealed only starting material and what could be trace amounts of 
compounds 189a and 189b. No trace of compound 189c was seen. 
Using Me3Sn-SnMe3, AIBN,~, hv: 
4-(2-Cyanopyrrol-I-yl)-N-(phenethyl)-selenobutyrimidic acid phenyl ester 184 (107 mg, 0.26 
mmol) was dissolved in dry tert-butylbenzene (7 mL) in a flat 2-necked flask and 
hexamethylditin (500 mg, 1.43 mmol) was added. The solution was flushed with nitrogen for 
15 min followed by heating to reflux and irradiation with uv-light. After 48 h stirring at reflux 
the reaction mixture was cooled to room temperature followed by addition of ethanol (5 mL) 
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and sodium borohydride (39 mg, 1.0 mmol), and stirring for 16 h at room temperature. The 
reaction mixture was filtered, evaporated under reduced pressure, dissolved in ethyl acetate 
and extracted with dilute aqueous HCI (3 x 50 mL). The aqueous phase was washed with light 
petroleum (3 x 50 mL) and basified with sodium carbonate and aqueous NaOH solution 
followed by extraction with diethyl ether (4 x 50 mL). The organic phase was dried and 
evaporated under reduced pressure. The yield of crude basic reaction products was only 10 
mg, and there were no identifiable products by TLC and IH NMR spectroscopic analysis. 
Cyclisation of 4-(2-cyanopyrrol-l-yl)-N-(p-tolyl)-selenobutyrimidic acid phenyl ester 185 
n SePh Nc~0N'Cl 
185 197a 197c 
4-(2-Cyanopyrrol-l-yl)-N-(p-tolyl)-selenobutyrimidic acid phenyl ester 185 (300 mg, 0.74 
mmol) was dissolved in dry toluene (120 mL). The solution was flushed with nitrogen for 15 
min followed by heating to reflux. Tris-(trimethylsilyl) silane (455 ~L, .148 mmol) was 
dissolved in 20 mL of toluene and added via syringe pump over 5 h. AIBN (242 mg, 1.48 
mmol) was added portion wise (41 mg) every 45 min (6 portions). After 5 h stirring at reflux 
the reaction mixture was cooled to room temperature. Ethanol (5 mL) and sodium 
borohydride (112 mg, 2.95 mmol) were added followed by stirring for 16 h at room 
temperature. The reaction mixture was evaporated under reduced pressure, dissolved in ethyl 
acetate and extracted with dilute aqueous HCI (3 x 50 mL). The aqueous phase was washed 
with light petroleum (3 x 50 mL) and basified with sodium carbonate and aqueous NaOH 
solution followed by extraction with diethyl ether (4 x 50 mL). The organic phase was dried 
and evaporated under reduced pressure. Purification using column chromatography yielded 
only 197c (42 mg, 22%) as a brown oil. vrnax(neat)/cm-1 3392 (N-H), 2924 (Sp3 C-H), 2215 
(CN), 1616 (N-H def.), 1521 (C-N stretch), 810, 739 (p-subst. benzene); oH(250 MHz) 1.55-
1.66 (2 H, m, CH2-CH2-CH2), 1.88-2.00 (2 H, m, CH2-CH2-CH2), 2.24 (3 H, s, CH3), 3.13 (2 
H, t, J = 7.0, CH2NH), 3.48 (1 H, bs, NH), 4.08 (2 H, t, J = 7.1, CH2-N), 6.17 (1 H, dd, J = 
4.0,2.7, pyrrole 4-H), 6.50-6.54 (2 H, m, toluoyl3, 5-H), 6.79 (1 H, dd, J= 4.0, 1.7, pyrrole 
3- or 5-H), 6.83 (1 H, dd, J= 2.7, 1.7, pyrrole 3- or 5-H), 6.97-7.01 (2 H, m, toluoy12, 6-H); 
oc 20.36 (CH3), 26.58 CH2-CH2-CH2), 28.86 CH2-CH2-CH2), 43.68 (CH2N), 48.71 (CH2N), 
103.67, 109.54 (ArC), 112.98 (ArCH), 113.92 (CN), 120.05, 126.35, 126.72, 129.78 (ArCH), 
145.82 (ArC); m/z (El) 253.1582 (M+, C16H19N3 requires 253.1579), 253 (34%), 120 (lOO). 
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Synthesis of N-(2-hydroxyethyl)-4-methylbenzamide 203 153 
o 
CI~ 
203 
To a dilute stirred solution of 2-hydroxyethylamine (12.1 mL, 200 mmol) in DCM at 0 DC a 
solution of p-toluoyl chloride (6.6 mL, 50 mmol) also in DCM was added drop wise. The 
reaction was allowed to heat to room temperature and stirred for 2 h followed by evaporation 
under reduced pressure. 100 mL of cold water was added and the solution was adjusted to pH 
= 6 with hydrochloride acid. The aqueous layer was extracted five times with ethyl acetate, 
and the combined organic layers were washed with brine, dried and evaporated under reduced 
pressure. The resulting residue was recrystallised in ethyl acetate yielding N-(2-
hydroxyethyl)-4-methylbenzamide 203 (7.67 g, 86%) as colourless crystals, mp 90-91 DC 
(lit.,I53 90 DC). vmax(neat)/cm-1 3328 (N-H), 3250 (O-H), 2969 (Sp3 C-H), 1647 (C=O), 1635 
(C=O), 838 (Ar); 8H(250 MHz) 2.38 (3 H, s, CH3), 3.12 (1 H, t, J= 5.1, OH), 3.57-3.63 (2 H, 
m, hydroxy-ethyl 1- or 2-H), 3.78-3.84 (2 H, m, hydroxy-ethyl 1- or 2-H), 6.76 (1 H, bs, NH), 
7.20 (2 H, d, J = 7.9, Ar-H), 7.67 (2 H, d, J = 7.9, Ar-H); 8c 21.80 (CH3), 43.22 (hydroxy-
ethyl I-C), 62.57 (hydroxy-ethyl 2-C), 127.39 (ArCH), 129.59 (ArCH), 131.64 (Ar I-C), 
142.45 (Ar 4-C), 169.06 (CONH); mlz (El) 179.0944 (M+, C IOH13N02 requires 179.0946), 
179 (7%),161 (11), 136 (17),119 (100), 91 (31). 
Attempted synthesis of N-[2-(2-formylpyrrol-l-yl)-ethyl]-4-methylbenzamide 20498 
-0 OHC N rI( ~~yV 
o 
203 204 
A solution of pyrrole-2-carboxaldehyde (159 mg, 1.67 mmol), N-(2-hydroxyethyl)-4-
methylbenzamide 203 (200 mg, 1.12 mmol) and tributylphosphine (0.46 mL, 1.67 mmol) in 
toluenelTHF was cooled to 0 DC. 1,1-(Azodicarboxylate)-dipiperidene (422 mg, 1.67 mmol) 
was added drop wise. The reaction mixture was stirred for 10 min and then allowed to warm 
to room temperature followed by stirring for 4 days. The suspension was evaporated under 
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reduced pressure and 10 mL of etherlhexane 1: 1 was added, followed by filtration, hereby 
removing the dihydroazodicarboxylate. The filtrate was evaporated under reduced pressure, 
and the products were separated by column chromatography yielding starting materials and 
the ether-dimer of the alcohol 205 (50 mg, 52%) as colourless crystals. oH(250 MHz) 2.39 (6 
H, s, CH3), 4.04 (4 H, t, J= 9.3, CH2NH), 4.41 (4 H, t, J= 9.3, CH20), 7.21 (4 H, d, J= 7.9, 
phenyl 3- and 5-H), 7.83 (4 H, d, J= 7.9, phenyl 2- and 6-H) 
Synthesis of N-[2-(2-cyanopyrrol-l-yl)-ethyl]-4-methylbenzamide 206 
Route A: 
(I( Br~~~ 
o 
207 
-0 Ne N (I( ~~~ + 
o 
206 208 
2-Bromoethylamine hydrobromide (10.00 g, 48.80 mmol) was dissolved in 2 M aqueous 
NaOH solution (25.6 mL, 51.00 mmol) and cooled to 5 QC followed by simultaneous drop 
wise addition of toluoyl chloride (7.10 mL, 53.68 mmol) and 4 M aqueous NaOH solution 
(12.3 mL, 51 mmol) over 30 min. The reaction mixture was stirred for a further 20 min and 
extracted with diethyl ether. The organic phase was dried and evaporated under reduced 
pressure. The resulting crude N-(2-bromoethyl)-4-methylbenzamide 207 was adequate for use 
in the following step without further purification. Sodium hydride (0.57 g, 23.89 mmol) was 
dissolved in dry DMF, pyrrole-2-carbonitrile (2.00 g, 21.72 mmol) was added and the 
reaction mixture was stirred for 1 h followed by cooling to 0 QC. N-(2-Bromoethyl)-4-
methylbenzamide (6.31 g, 26.06 mmol) was added slowly over 1 h and the solution was 
allowed to reach room temperature and stirred for a further 2 h. Ethyl acetate was added to the 
reaction mixture and the resulting solution was washed once with water and five times with 
brine. The organic phase was dried and evaporated under reduced pressure followed by 
purification by column chromatography. The resulting colourless crystals were determined by 
IH NMR spectroscopy to be the undesired cyclised product 2-(p-tolyl)-4,5-dihydrooxazole 
208 (2.87 g, 68%). oH(250 MHz) 2.37 (3 H, s, CH3), 4.03 (2 H, t, J = 9.2, 2- or 3-H), 4.39 (2 
H, t,J= 9.2, 2- or 3-H), 7.20 (2 H, d,J= 8.1, Ar 3, 5-H), 7.82 (2 H, d,J= 8.1, Ar 2, 6-H). 
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Route B:99 
209 
--fJ Ne N rf( ~~~ 
o 
206 
Pyrrole-2-carbonitrile (3.00 g, 32.57 mmol) was dissolved in dry acetonitrile followed by 
addition of powdered NaOH (5.00 g, 124 mmol) and B14NHS04 (0.44 g, 1.30 mmol). The 
resulting dispersion was stirred for 3 h at room temperature. 2-Chloroethylamine 
hydrochloride (4.53 g, 39.10 mmol) was added and the reaction mixture stirred for 24 h at 
reflux followed by removal of the inorganic salts by suction filtration. The resulting solution 
was evaporated under reduced pressure and the residue dissolved in ethyl acetate followed by 
extraction with dilute hydrochloric acid. The aqueous phase was basified with aqueous NaOH 
solution followed by extraction with ethyl acetate. The organic phase was dried and 
evaporated under reduced pressure resulting in a brown oil believed to be mainly 1-(2-
aminoethyl)-IH-pyrrole-2-carbonitrile 209 (1.54 g, 11.40 mmol). This crude oil was dissolved 
in DCM and added to a DCM solution of triethylamine (1.91 mL, 13.7 mmol) and DMAP 
(0.13 g, 1.1 mmol). Toluoyl chloride (1.81 mL, 13.7 mmol) was added drop wise over 5 min, 
and the reaction was stirred for 18 h. Insoluble salts were filtered off and the solution was 
washed with saturated NaHC03 solution, dilute aqueous HCI and brine. The organic phase 
was dried, evaporated under reduced pressure followed by purification by column 
chromatography, resulting In the desired N-[2-(2-cyanopyrrol-l-yl)-ethyl]-4-
methylbenzamide 206 (0.38 g, 5%) as light brown crystals, mp 126-129 cC. vrnax(neat)/cm- I 
2921 (Sp3 C-H), 1675 (C=O), 1683 (C=O); DH(250 MHz) 2.39 (3 H, s, CH3), 4.21-4.32 (4 H, 
m, CHrCH2), 6.30 (1 H, dd, J= 4.0,2.4, pyrrole 4-H), 6.89 (1 H, dd, J= 2.4, 1.7, pyrrole 3-
or 5-H), 7.06 (1 H, dd, J = 4.0, 1.7, pyrrole 3- or 5-H), 7.18-7.22 (2 H, m, benzene 3, 5-H), 
7.52-7.57 (2 H, m, benzene 2, 6-H); Dc 21.63 (CH3), 44.00, 44.22 (aliphatic CH2), 111.21 
(pyrrole 4-C), 117.25 (ArCH), 123.33 (ArC or CN), 124.99, 128.52, 128.76 (ArCH), 133.12, 
142.35, 158.72 (ArC or CN), 173.32 (C=O); mlz (ESI) 254.1289 [(M+Ht, C1sHI6N30 
requires 254.1293], 254 (40%), 226 (37), 135 (14), 119 (100), 91 (44). 
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Attempted synthesis of N-[2-(2-cyanopyrrol-l-yl)-ethyl]-4-methylselenobenzimidie acid 
phenyl ester 210 
NC-Q (I( ~~~ 
o 
206 
NC-Q (I( ~N~ 
SePh 
210 
Standard selanation conditions were employed using N-[2-(2-cyanopyrrol-l-yl)-ethyl]-4-
methylbenzamide 206 (0.38 g, 1.50 mmol). Purification by column chromatography resulted 
in isolation of the starting amide 206 in 98% yield. 1H NMR spectroscopic analysis of the 
crude product revealed a 3:1 mixture of what is believed to be the desired product 210 and 
amide 206, but it appears that imidoyl selanide 210 hydrolyses very fast during column 
chromatography. 
Synthesis of 2-(bromomethyl)-benzoic acid methyl ester 212 154 
)50 OMe I~ 
b ~o OMe Br I ~ b 
212 
To a suspension N-bromosuccinimide (17.8 g, 100 mmol) and AIBN (3 mg, 0.02 mmol) in 
cyclohexane (lOOmL) was added methyl o-toluate (9.32 mL, 66.6 mmol) followed by heating 
to reflux. The reaction mixture was stirred overnight, cooled to 0 °C and filtered. The 
resulting solution was washed twice with dilute aqueous Na2S203, evaporated under reduced 
pressure. Diethyl ether was added and the solution was dried and filtered through a 5 cm silica 
plug to give crude 2-(bromomethyl)-benzoic acid methyl ester 212 (11 g) as a brown oil. 
oH(250 MHz) 3.95 (3 H, s, CH3), 4.96 (2 H, s, CH2Br), 7.31-7.40 (2 H, m, Ar-H), 7.45-7.55 (1 
H, m, Ar-H), 7.97 (1 H, d, J= 7.6, Ar-H). The crude compound was used in the next synthetic 
step without further purification. 
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Synthesis of 2-[(2-cyanopyrrol-l-yl)-methyl]-benzoic acid 213 
~o OMe Br I ~ .0 
212 213 
Pyrrole-2-carbonitrile (3.00 g, 32.57 mmol) was added to a stirred suspension of sodium 
hydride (0.94 g, 39.09 mmol) in DMF and left stirring for 1 h. The reaction mixture was 
cooled to 0 °c and 2-(bromomethyl)-benzoic acid methyl ester 212 (9.70 g, 42.34 mmol) was 
added drop wise followed by stirring for 2 h. The solution was allowed to heat to room 
temperature and was stirred for an additional 18 h. The crude mixture was partitioned between 
ethyl acetate and water and the organic layer was separated and washed five times with brine. 
The organic layer was dried and evaporated under reduced pressure yielding a pale yellow oil. 
The ester was hydrolysed with no further purification by treatment with aqueous LiOH (1 M, 
200 mL). Ethanol was added to the reaction mixture until homogeneity was achieved, and the 
solution was stirred at room temperature for 18 h. The ethanol was evaporated and the 
reaction mixture was washed with ethyl acetate and the aqueous layer was acidified to pH 1 
with dilute aqueous HCI, and extracted with ethyl acetate. The organic layers were combined 
and washed with water, dried and evaporated under reduced pressure. The resulting residue 
was filtered and the resulting crystals were washed with ice cold hexane, resulting in 2-[(2-
cyanopyrrol-l-yl)-methyl]-benzoic acid 213 (5.00 g, 68% based on pyrrole) as colourless 
crystals, mp 128-132 cC. vrnax(neat)/cm-1 2950 (Sp3 C-H), 2212 (CN), 1686 (C=O), 1306 (C-
O), 735 (o-subst. benzene); oH(250 MHz) 5.75 (2 H, s, CH2), 6.27 (l H, dd, J = 3.5, 3.0, 
pyrrole 4-H), 6.66 (1 H, dd, J = 7.7, 1.0, Ar-H), 6.88-6.90 (2 H, m, pyrrole 3- and 5-H), 7.40-
7.46 (1 H, m, Ar-H), 7.50-7.57 (1 H, m, Ar-H), 8.21 (1 H, dd, J = 7.7, 1.5, Ar-H), 9.20 (l H, 
bs, COOH); Oc 50.87 (CH2), 104.65 (ArC), 110.10 (ArCH), 113.63 (CN), 120.48 (ArCH), 
127.46 (ArCH), 127.53 (ArCH), 128.16 (ArCH), 132.27 (ArCH), 134.16 (ArCH), 139.53 
(ArC), 172.10 (benzene 2-C), 217.10 (COOH); mlz (El) 226.0740 (M+, C13HION202 requires 
226.0742),226 (61 %),208 (28), 181 (20), 135 (lOO). 
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Synthesis of 2-[ (2-cyanopyrrol-l-yl)methyl]-N-(p-tolyl)-benzamide 214 
-OOHO 
NC CO 
213 
1'-':: 
o 
no H NC~NCOP 'Cl 
1'-':: 
o 
214 
2-[(2-Cyanopyrrol-l-yl)methyl]-benzoic acid 213 (3.00 g, 13.26 mmol), p-toluidine (1.56 g, 
14.59 mmol), dicyc10hexyl carbodiimide (3.28 g, 15.91 mmol) and I-hydroxybenzotriazole 
monohydrate (0.18 g, 1.33 mmol) was dissolved in DCM and stirred for 48 h at room 
temperature. The reaction mixture was filtered through celite, washed with dilute aqueous 
HCI, saturated NaHC03 solution and brine, dried and evaporated under reduced pressure. The 
residue was purified by column chromatography followed by recrystallisation in ethyl acetate 
giving 2-[(2-cyanopyrrol-l-yl)methyl]-N-(p-tolyl)-benzamide 214 (1.58 g, 38%) as colourless 
crystals, mp 163-164 °C (Found: C, 75.67; H, 5.28; N, 13.20. C2oH17N30 requires C, 76.17; 
H, 5.43; N, 13.32%); vrnax(neat)/cm-I 3301 (N-H), 2212 (CN), 1645 (C=O), 1516 (N-H def.), 
733 (Ar); oH(250 MHz) 2.36 (3 H, s, CH3), 5.48 (2 H, s, CH2), 6.16 (1 H, dd, J = 4.0, 2.7, 
pyrrole 4-H), 6.81 (1 H, dd, J = 4.0, 1.5, pyrrole 3- or 5-H), 6.98-7.01 (2 H, m, pyrrole 3- or 
5-H and Ar-H), 7.18 (2 H, d, J= 8.4 Ar-H), 7.35-7.58 (5 H, m, Ar-H), 7.74 (1 H, bs, NH); Oc 
20.97 (CH3), 49.83 (CH2), 103.83 (ArC), 109.64 (ArCH), 114.05 (CN), 120.35 (ArCH), 
120.76 (ArCH), 126.89 (ArCH), 128.20 (ArCH), 128.40 (ArCH), 128.72 (ArCH), 129.65, 
129.66 (ArCH), 131.20 (ArCH), 134.71 (ArC), 135.04 (ArC), 135.29 (ArC), 135.45 (ArC), 
167.01 (C=O); mlz (El) 315.1371 (M+, C2oH17N30 requires 315.1372), 315 (57%), 223 (19), 
209 (100), 107 (32). 
Synthesis of 2-[(2-cyanopyrrol-l-yl)methyIJ-N-(p-tolyl)-selenobenzimidic acid phenyl 
ester 215 
nH NC~CO-_p  N'Cl 
1'-':: 
o 
214 215 
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Standard selanation conditions were employed using 2-[(2-cyanopyrrol-l-yl)methyl]-N-(p-
tolyl)-benzamide 214 (1.00 g, 3.17 mmol). This gave 2-[(2-cyanopyrrol-l-yl)methyl]-N-(p-
tolyl)-selenobenzimidic acid phenyl ester 215 (0.95 g, 66%) as yellow crystals, mp 132-133 
QC. (Found: C, 68.62; H, 4.58; N, 9.16. C26H21N3Se requires C, 68.72; H, 4.66; N, 9.25%); 
vrnax(neat)/cm- I 2920 (Sp3 C-H), 2215 (CN), 1623 (C=N), 738 (Ar); oH(250 MHz) 2.41 (3 H, s, 
CH3), 5.44 (2 H, s, CH2), 6.20 (I H, dd, J= 3.7, 2.9, pyrrole 4-H), 6.62-6.65 (I H, m, Ar-H), 
6.86-6.89 (2 H, m, pyrrole 3- or 5-H and Ar-H), 6.98-7.29 (12 H, m, pyrrole 3- or 5-H and Ar-
H); Oc 21.13 (CH3), 49.33 (CH2N), 104.37 (ArC), 110.17 (ArCH), 113.94 (ArC), 119.32, 
120.26, 127.21, 127.23, 127.45 (ArCH), 127.68 (ArC), 128.58, 128.97, 129.30, 129.43, 
130.01 (ArCH), 133.12, 135.24, 136.46 (ArC), 136.50 (ArCH), 147.85 (ArC), 165.25 (C=N); 
m/z (LSIMS) 456.0987 [(M+H)+' C26H22N3Se requires 456.0979], 456 (7%). 
Cyclisation of 2-[(2-cyanopyrrol-l-yl)methyl]-N-(p-tolyl)-selenobenzimidic acid phenyl 
ester 215 
n SePh NC~C6'Q Ne 
215 
Using Bu3SnH, AIBN,~: 
~~ ~+ 
\ 
216a 216b 
2-[(2-Cyanopyrrol-l-yl)methyl]-N-(p-tolyl)-selenobenzimidic acid phenyl ester 215 (300 mg, 
0.66 mmol) was dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen 
for 15 min followed by heating to reflux. Tributyltin hydride (350 ilL, 1.32 mmol) was 
dissolved in toluene (20 mL) and added over 5 h via syringe pump, while AIBN (217 mg, 
1.32 mmol) was added portion wise (36 mg) every 45 min (6 portions). After 5 h stirring at 
reflux the reaction mixture was cooled to room temperature. Methanol (5 mL) and sodium 
borohydride (100 mg, 2.64 mmol) were added followed by stirring for 16 h at room 
temperature. The reaction mixture was evaporated under reduced pressure, dissolved in ethyl 
acetate and extracted with dilute aqueous HCI (3 x 50 mL). The aqueous phase was washed 
with light petroleum (3 x 50 mL) and basified with sodium carbonate and aqueous NaOH 
solution followed by extraction with diethyl ether (4 x 50 mL). TLC analysis showed that the 
reaction products where partitioned equally between the neutral and basic organic phases, so 
acid extraction was not effective. Both phases were mixed, but no identifiable products were 
isolated using column chromatography. 
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Using (Me3Si)3Si-H, AIBN, ~, (no reduction): 
2-[(2-Cyanopyrrol-l-yl)methyl]-N-(p-tolyl)-selenobenzimidic acid phenyl ester 215 (300 mg, 
0.66 mmol) was dissolved in dry toluene (150 mL) and tris-(trimethylsilyl) silane (410 JlL, 
1.32 mmol) was added. The solution was flushed with nitrogen for 15 min followed by 
heating to reflux. AIBN (217 mg, 1.32 mmol) was added portion wise (36 mg) every 45 min 
(6 portions). After 6 h stirring at reflux the reaction mixture was evaporated under reduced 
pressure, and IH NMR spectroscopic analysis of the reaction mixture showed the presence of 
two major products (1:1 by their toluoyl peaks). Column chromatography resulted only in the 
partial isolation of one of these products believed to be 1 O-(p-toluidino )-3-(2-cyanopropan-2-
yl)-3,5-dihydropyrrolo[I,2-b]isoquinoline-3-carbonitrile 216b (39 mg, < 16%) as an orange 
solid containing an inseparable AIBN residue. The other major product was not identified. 
216b was characterised by IH NMR spectroscopy. oH(250 MHz) 1.79 (6 H, s, C(CH3)2CN), 
2.38 (3 H, s, toluoyl CH3), 5.50 (2 H, s, CH2N), 5.62 (1 H, d, J = 4.2, CH=CH), 5.98 (1 H, d, J 
= 4.2, CH=CH), 6.74-6.78 (2 H, m, toluoyl 3, 5-H), 7.18-7.21 (2 H, m, toluoyl2, 6-H), 7.40-
7.54 (3 H, m, Ar-H), 8.48-8.52 (1 H, m, Ar-H), NH hidden. 
Synthesis of 4-(3-cyano-lH-indol-l-yl)-butanoic acid 218 
r'>r--!CN 
V_) 
N 
H 
r'>r--!CN 
V __ ~ 
N 
~OH 
218 0 
Indole-3-carbonitrile (3.00 g, 21.10 mmol) was added to a stirred suspension of sodium 
hydride (0.61 g, 25.32 mmol) in DMF and left stirring for 1 h. The reaction mixture was 
cooled to 0 QC and ethyl 4-bromobutyrate (3.93 mL, 27.43 mmol) was added drop wise 
followed by stirring for 1 h The solution was allowed to heat to room temperature and was 
stirred for an additional 18 h. The crude mixture was partitioned between ethyl acetate and 
water and the organic layer was separated and washed five times with brine. The organic layer 
was dried and evaporated under reduced pressure yielding a pale yellow oil. The ester was 
hydrolysed with no further purification by treatment with aqueous LiOH (1 M, 200 mL). 
Ethanol was added to the reaction mixture until homogeneity was achieved, and the solution 
was stirred at room temperature for 18 h. The ethanol was evaporated and the reaction 
mixture was washed with diethyl ether and the aqueous layer was acidified to pH 1 with dilute 
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aqueous HCI, and extracted with diethyl ether. The organic layers were combined and washed 
with water, dried and evaporated under reduced pressure. The resulting residue was filtered 
and the resulting crystals were washed with ice cold hexane, resulting in 4-(3-cyano-lH-
indol-l-yl)-butanoic acid 218 (4.27 g, 89%) as pale yellow crystals, mp 91-93 qc. (Found: C, 
68.40; H, 5.29; N, 12.07. C13H12N202 requires C, 68.41; H, 5.30; N, 12.27%); vmax(neat)/cm-1 
2944 (Sp3 C-H), 2217 (CN), 1707 (C=O), 745 (o-subst. benzene); QH(250 MHz) 2.13-2.26 (2 
H, m, 3-H), 2.40 (2 H, t, J = 6.4, 2-H), 4.28 (2 H, t, J = 7.0, 4-H), 7.26-7.39 (2 H, m, indole-
H), 7.43-7.47 (1 H, m, indole-H), 7.62 (1 H, s, indole 2-H), 7.74-7-78 (1 H, m, indole-H), 
10.76 (1 H, bs, COOH); Qc 24.77,30.57 (2- and 3-C), 46.07 (4-C), 85.95 (indole 3-C), 110.50 
(indole 2-C), 115.81 (CN), 120.04, 122.32, 124.06 (indole CH), 127.96 (indole C), 134.75 
(indole CH), 135.28 (indole C), 178.23 (COOH); mlz (El) 228.0900 (M+, C13H12N202 
requires 228.0899),228 (57%), 155 (100), 142 (31). 
Synthesis of 4-(3-cyano-1H-indol-l-yl)-(N-phenethyI)-butanamide 219 
r'>r-!CN 
Vz __ ~ 
N 
~OH 
o 
218 
r'>r-!CN 
Vz __ ~ 
N H ~N~Ph 
o 
219 
4-(3-Cyano-lH-indol-l-yl)-butanoic acid 218 (2.00 g, 8.76 mmol), 2-phenethylamine (1.21 
mL, 9.64 mmol), dicyclohexyl carbodiimide (2.17 g, 10.51 mmol) and 1-
hydroxybenzotriazole monohydrate (0.12 g, 0.88 mmol) was dissolved in DCM and stirred 
for 18 h at room temperature. The reaction mixture was filtered through celite, washed with 
saturated NaHC03 solution, dilute aqueous HCI and brine, dried and evaporated under 
reduced pressure. The residue was purified by column chromatography followed by 
recrystallisation in ethyl acetate giving 4-(3-cyano-lH-indol-l-yl)-(N-phenethyl)-butanamide 
219 (2.61 g, 90%) as colourless crystals, mp 104-105 QC. vrnax(neat)/cm-1 3308 (N-H), 2930 
(Sp3 C-H), 2215 (CN), 1653 (C=O), 1647 (C~O), 1528 (N-H def.), 744, 700 (Ar); QH(250 
MHz) 2.03-2.19 (4 H, m, 3-H and phenethyI2-H), 2.82 (2 H, t, J= 6.9, 2-H), 3.54 (2 H, dt, J 
= 6.9, 6.7, phenethyl I-H), 4.23 (2 H, t, J= 6.6, 4-H), 5.49 (1 H, bs, NH), 7.17-7.37 (7 H, m, 
Ar-H), 7.43-7.46 (l H, m, Ar-H), 7.51 (l H, s, indole 2-H), 7.73-7.76 (l H, m, Ar-H); Qc 
25.26 (3-C), 32.11, 35.54,40.43,46.12 (alkyl CH2), 85.60 (indole 3-C), 110.68 (indole 2-C), 
115.97 (CN), 120.04, 122.17, 123.88, 126.66 (ArCH), 127.90 (ArC), 128.69, 128.72, 134.89 
6-118 
(ArCH), 135.29, 138.59 (ArC), 171.14 (CONH); mlz (El) 331.1683 (M+, C21H21N30 requires 
331.1685),331 (35%),227 (11), 211 (16),189 (44), 104 (100), 91 (24). 
Synthesis of 1-[ 4-(phenethylimino )pentyl]-IH-indole-3-carbonitrile 217 
~CN 
V __ ~ 
N H ~N-...../'Ph 
21JJ 
Standard selanation conditions were employed usmg 4-(3-cyano-1H-indol-1-yl)-(N-
phenethyl)-butanamide 219 (2.00 g, 6.03 mmol). This gave 1-[4-(phenethylimino)pentyl]-lH-
indole-3-carbonitrile 217 (1.89 g, 67%) as yellow crystals, mp 95-98 QC. (Found: C, 68.38; H, 
5.25; N, 8.70. C27H25N3Se requires C, 68.93; H, 5.36; N, 8.93%); vrnax(neat)/cm·1 2925 (Sp3 C-
H), 2215 (CN), 1645 (C=N), 741 (Ar); oH(250 MHz) 1.90 (4 H, m, 3- and 2-H), 3.10 (2 H, t,J 
= 7.1, phenethyI2-H), 3.72 (2 H, t, J= 7.1, phenethyl1-H), 3.99 (2 H, t, J= 6.4, 4-H), 7.16-
7.38 (12 H, m, Ar-H), 7.40-7.45 (2 H, m, Ar-H), 7.69-7.75 (1 H, m, Ar-H); Oc 26.81 (3-C), 
36.58,36.66,45.60,56.76 (alkyl CH2), 85.34 (indole 3-C), 110.56 (indole 2-C), 116.02 (CN), 
119.83, 121.96, 123.60, 126.34 (ArCH), 126.47, 127.84 (ArC), 128.47, 128.92, 129.11, 
129.45, 134.84 (ArCH), 135.14 (ArC), 136.98 (ArCH), 139.94 (ArC), 160.42 (C=N); mlz 
(LSIMS) 472.1289 [(M+Ht, C27H26N3Se requires 472.1292],472 (27%). 
Cyclisation of 1-[4-(phenethylimino)pentyl]-IH-indole-3-carbonitrile 217 followed by 
reduction 
217 220 
1-[4-(Phenethylimino)pentyl]-lH-indole-3-carbonitrile 217 (300 mg, 0.64 mmol) was 
dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 15 min 
followed by heating to reflux. Tributyltin hydride (340 ~L, 1.28 mmol) was dissolved in 
toluene (20 mL) and added over 5 h via syringe pump, while AIBN (209 mg, 1.28 mmol) was 
6-119 
added portion wise (35 mg) every 45 min (6 portions). After 5 h stirring at reflux the reaction 
mixture was cooled to room temperature. Methanol (5 mL) and sodium borohydride (96 mg, 
2.55 mmol) were added followed by stirring for 16 h at room temperature. The reaction 
mixture was evaporated under reduced pressure, dissolved in ethyl acetate and extracted with 
dilute aqueous HCI (3 x 50 mL). The aqueous phase was washed with light petroleum (3 x 50 
mL) and basified with sodium carbonate and aqueous NaOH solution followed by extraction 
with diethyl ether (4 x 50 mL). The combined organic phases were dried and evaporated 
under reduced pressure. TLC and IH NMR spectroscopic analysis revealed a multitude of 
products (at least 4 different major products by TLC). This could be due to diastereoisomers 
caused by the 3 stereocenters in the expected product, but the products were not separable by 
column chromatography, so we were not able to isolate and characterise any of these. 
Cyclisation of 1-[4-(Phenethylimino)pentyl]-IH-indole-3-carbonitrile 217 followed by 
hydrolysis 
Q-t ~ /"UO 
217 221 
nHCN V __ ~ 
+ N H ~N-..../'Ph 
o 
219 
1-[ 4-(Phenethylimino )pentyl]-IH-indole-3-carbonitrile 217 (300 mg, 0.64 mmol) was 
dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 15 min 
followed by heating to reflux. Tributyltin hydride (340 ilL, 1.28 mmol) was dissolved in 
toluene (20 mL) and added over 5 h via syringe pump, while AIBN (209 mg, 1.28 mmol) was 
added portion wise (35 mg) every 45 min (6 portions). After 7 h stirring at reflux the reaction 
mixture was evaporated under reduced pressure and dilute aqueous HCI (20 mL) was added to 
the residue followed by methanol until the solution was homogenous. The solution was stirred 
for 4 h at room temperature, basified with aqueous NaOH solution, extracted three times with 
ethyl acetate. The combined organic phases were washed with dilute aqueous HCl and brine, 
dried and evaporated under reduced pressure. IH NMR analysis of the crude products 
revealed a 2:1 mixture of ketone 221 and hydrolysed starting material (amide 219, isolated in 
<5% yield). The crude product was purified by column chromatography yielding 9-oxo-
6,7,8,9-(tetrahydropyrido)-[1,2-a]indole-1O-carbonitrile 221 (19 mg, 14%) as colourless 
crystals, decomposed at 170 QC. vrnax(neat)/cm-1 2923 (Sp3 C-H), 2221 (CN), 1672 (C=O), 
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1526 (C=C st.), 750 (Ar); oH(250 MHz) 2.43-2.53 (2 H, m, 7-H), 2.83 (2 H, t, J = 6.5, 8-H), 
4.35 (2 H, t,J= 5.9, 6-H), 7.32 (l H, ddd,J= 8.2, 5.7,2.5, Ar-H), 7.43-7.52 (2 H, m, Ar-H), 
7.76 (l H, m, Ar-H); Oc 22.69 (7-C), 36.67 (8-C), 42.13 (6-C), 87.73 (10-C), 111.27 (ArCH), 
114.64 (CN), 121.33, 123.85, 127.15 (ArCH), 127.54, 135.94, 136.34 (ArC), 187.77 (C=O); 
m/z (El) 210.0792 (M+, C13HION20 requires 210.0793),210 (100%), 182 (20), 154 (41). 
6.3. Experimental for chapter 3 
Synthesis of I-nitro-2-(penten-l-yl)benzene 230 
Sodium hydride (2.80 g, 69.99 mmol) was dissolved in THF (250 mL) followed by addition 
of (1-butyl)-triphenylphosphonium bromide (26.65 g, 66.66 mmol) and o-nitrobenzaldehyde 
(8.39 g, 55.55 mmol). The mixture was stirred under reflux overnight and after cooling to 
room temperature, ethanol was added, and the resulting suspension was filtered through eelite 
using a 1:5 mixture of ethyl acetate: light petroleum. The filtrate was evaporated under 
reduced pressure and using column chromatography 1-nitro-2-(penten-1-yl)benzene 230 (9.63 
g, 92%) was isolated as a yellow oil (2.5:1 eis: trans). vrnax(neat)/cm-1 2958, 2929, 2871 (Sp3 
C-H), 1606 (C=C), 1521, 1346 (N02); oH(250 MHz) 0.87 (3 H, t, J= 7.4, eis-CH3), 0.97 (3 H, 
t, J = 7.4, trans-CH3), 1.34-1.60 (4 H, eis, trans-pentenyl 4-H), 2.01-2.29 (4 H, m, eis, trans-
pentenyl 3-H), 5.83 (1 H, dt, J = 11.6, 7.6, eis-pentenyl 2-H), 6.23 (1 H, dt, J = 15.6, 6.96, 
trans-pentenyl 2-H), 6.70 (1 H, d, J = 11.6, eis-pentenyl I-H), 6.83 (1 H, d, J = 15.6, trans-
pentenyl1-H), 7.28-7.71 (6 H, m, eis, trans-Ar-H), 7.86 (1 H, dd, 8.2, 1.2, trans-Ar 3-H), 8.00 
(1 H, dd, 8.1, 1.2, eis-Ar 3-H); Oc 13.68 (eis, trans-CH3), 22.20 (trans-CH2), 22.69 (eis-CH2), 
30.48 (eis-CH2), 35.21 (trans-CH2), 124.34 (trans-CH), 124.42 (eis-CH), 125.06 (trans-CH), 
125.13 (eis-CH), 127.33 (trans-CH), 127.61 (eis-CH), 128.41 (trans-CH), 131.89 (eis-CH), 
132.55 (eis-CH), 132.77 (trans-CH), 132.97 (eis-ArC), 133.40 (trans-ArC), 135.14 (eis-CH), 
136.69 (trans-CH), 147.73 (trans-ArC), 148.40 (cis-ArC); mlz (El) 191.0948 [M+, CllHl3N02 
requires 191.0946], 191 (12%), 146 (54), 132 (58), 121 (100), 115 (89),92 (88), 71 (67). 
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Synthesis of2-(penten-l-yl)aniline 231 
I-Nitro-2-(penten-l-yl)benzene 230 (9.43 g, 49.6 mmol) was dissolved in ethanol (75 mL) 
followed by addition of glacial acetic (75 mL) and iron powder (11.00 g, 199 mmol). The 
suspension was heated under reflux overnight and filtered through eelite with ethanol. The 
filtrate was evaporated under reduced pressure, taken up in diethyl ether, washed with dilute 
aqueous NaOH solution, dried and evaporated under reduced pressure to give 2-(penten-l-
yl)aniline 231 (7.17 g, 90 %) as a yellow oil (2.8:1 eis:trans). vrnax(neat)/em-1 3465,3377 (N-
H), 2958, 2929, 2869 (Sp3 C-H), 1614 (C=C), 750 (o-subst. benzene); oH(250 MHz) 0.88 (3 
H, t,J= 7.4, eis-CH3), 0.95 (3 H,J= 7.4, trans-CH3), 1.33-1.56 (4 H, m, eis, trans-pentenyI4-
H), 2.02-2.24 (4 H, m, eis, trans-pentenyl 3-H), 3.61 (4 H, bs, NH2), 5.77 (1 H, dt, J = 11.3, 
7.4, eis-pentenyl 2-H), 6.06 (1 H, dt, J = 15.6, 6.9, trans-pentenyl 2-H), 6.27 (1 H, d, J = 11.3, 
eis-pentenyl I-H), 6.39 (1 H, d, J = 15.6, trans-pentenyl I-H), 6.62-6.76 (4 H, m, eis, trans-
Ar-H) , 6.99-7.24 (4 H, m, eis, trans-Ar-H); Oc 13.78 (trans-CH3), 13.86 (eiS-CH3), 22.67 
(trans-CH2), 22.94 (eis-CH2), 30.67 (eis-CH2), 35.55 (trans-CH2), 115.10 (eis-CH), 115.90 
(trans-CH), 118.01 (eis-CH), 118.94 (trans-CH), 123.39 (eis-ArC), 124.47 (trans-ArC), 
124.98 (eis-CH), 125.46 (trans-CH), 127.38 (trans-CH), 127.88 (trans-CH), 127.92 (eis-CH), 
129.81 (eis-CH), 133.88 (trans-CH), 134.78 (eis-CH), 143.33 (trans-ArC), 144.00 (eis-ArC); 
mlz (El) 161.1204 [M+, CllH1SN requires 161.1204], 161 (55%), 132 (100), 117 (20), 106 
(29), 93 (9), 77 (9). 
Synthesis of N-[2-(penten-l-yl)phenyl]acetamide 232a 
2-(Penten-l-yl)aniline 231 (3.46 g, 21.46 mmol) was dissolved in DCM (50 mL), followed by 
addition of triethylamine (6.00 mL, 42.92 mmol), 4-(dimethylamino)pyridine (O.Olg, 0.11 
mmol) and finally acetyl chloride (16.80 g, 214.00 mmol). The reaction mixture was stirred 
for 2 h, filtered through eelite and evaporated under reduced pressure. The residue was 
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dissolved in ethyl acetate, washed with dilute aqueous HCI, saturated NaHC03 solution and 
brine, dried and evaporated under reduced pressure. Column chromatography gave N-[2-
(penten-l-yl)phenyl]acetamide 232a (3.01 g, 69%) as a brown oil (4:1 eis:trans). 
vmax(neat)/cm-1 3269 (N-H), 3008, 2957, 2928, 2869 (Sp3 C-H), 1663 (C=O), 1599 (C=C); 
oH(250 MHz) 0.87 (3 H, t, J = 7.4, cis-CH3), 0.96 (3 H, t, J = 7.4, trans-CH3), 1.36-1.53 (4 H, 
m, eis, trans-pentenyl 4-H), 2.15 (3 H, s, eis-CH3CO), 2.l8 (3 H, s, trans-CH3CO), 2.00-2.24 
(4 H, m, cis, trans-pentenyl 3-H), 5.90 (1 H, dt, J = 11.2, 7.4, eis-pentenyl 2-H), 6.l 0 (1 H, dt, 
J= 15.7,7.0, trans-pentenyI2-H), 6.32 (l H, d,J= 11.2, eis-pentenyll-H), 6.42 (l H, d,J= 
15.7, trans-pentenyl I-H), 7.05-7.51 (6 H, m, eis, trans-Ar-H), 7.77 (1 H, d, J = 8.2, Ar-H), 
8.17 (1 H, d, J = 8.2, Ar-H); Oc 13.72 (CH3), 13.75 (CH3), 22.48 (CH2), 22.60 (CH2), 24.29 
(CH3), 24.71 (CH3), 30.58 (CH2), 35.40 (CH2), 120.88 (CH), 123.67 (CH), 123.76 (CH), 
124.32 (CH), 124.78 (CH), 125.24 (CH), 126.97 (CH), 127.43 (ArC), 127.57 (CH), 127.81 
(CH), 128.86 (ArC), 129.33 (CH), 130.57 (ArC), 134.08 (ArC), 135.29 (CH), 136.97 (CH), 
168.09 (C=O), 168.50 (C=O); mlz (El) 203.l308 [M+, C13H17NO requires 203.1310], 203 
(29%),160 (lOO), 132 (61),118 (32),106 (17),77 (8). 
Synthesis of {Z)-phenyl N-[2-{penten-l-yl)phenyl]ethaneselenoimidate 234a 
232a 234a 
Standard selanation conditions were employed using N-[2-(penten-l-yl)phenyl]acetamide 
232a (1.50 g, 7.38 mmol). This gave (Z)-phenyl N-[2-(penten-l-
yl)phenyl]ethaneselenoimidate 234a (1.08 g, 43%) as a yellow oil, (3:1 mixture of cis/trans 
isomers). (Found: C, 66.57; H, 6.13; N, 3.99. Cl9H21NSe requires C, 66.66; H, 6.18; N, 
4.09%); vmax(neat)/cm-1 2956 (Sp3 C-H), 1640 (C=N), 741, 692 (Ar); oH(250 MHz) 0.96 (3 H, 
t, J= 7.5, cis-penteny15-H), 0.99 (3 H, t, J= 7.4, trans-pentenyl 5-H), 1.43-1.62 (4 H, m, 
cis/trans-penteny14-H), 2.18 (3 H, s, eis-N=CCH3), 2.21 (3 H, s, trans-N=CCH3), 2.24-2.35 (4 
H, rn, eis/trans-pentenyl 3-H), 5.72 (1 H, dt, J = 11.6, 7.2, eis-pentenyl 2-H), 6.22 (1 H, dt, J 
= 15.9, 6.8, trans-pentenyl 2-H), 6.33 (1 H, d, J = 11.6, cis-pentenyl I-H), 6.42 (l H, d, J = 
15.9, trans-pentenyl I-H), 6.82-6.88 (2 H, rn, eis/trans Ar-H), 7.09-7.45 (11 H, rn, cis/trans 
Ar-H), 7.51-7.54 (l H, rn, trans-Ar-H), 7.61-7.65 (4 H, rn, eis/trans Ar-H); Oc 13.77 (trans-
pentenyl 5-C), 14.00 (eis-pentenyl 5-C), 22.62 (trans-pentenyl 4-C), 23.25 (cis-pentenyI4-C), 
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28.57 (cis/trans N=CCH3), 30.73 (cis-pentenyl 3-C), 35.49 (trans-pentenyl 3-C), 119.20 (cis-
pentenyl 2-C), 119.54 (trans-pentenyl 2-C), 124.13, 124.85, 125.38, 125.51, 125.95, 127.34, 
127.49 (ArCH), 127.93-128.02 (rn, ArC), 129.00, 129.03, 129.31, 129.92, 13l.9'5, 133.28, 
137.20, 137.25 (ArCH and cis/trans-pentenyl C-l), 147.97, 149.16 (ArC), 164.39 (cis-C=N), 
164.48 (trans C=N); mlz (LSIMS) 344.0906 [(M+Ht, Cl9H22NSe requires 344.0912], 344 
(23%). 
Synthesis of (Z)-phenyl N-[2-(penten-l-yl)phenyl]-2-phenylethaneselenoimidate 234b 
~pr 
~N~O 
H Bn 
232b 
ro~pr 1./ SePh // N=( 
Bn 
234b 
Standard selanation conditions were employed usmg N-[2-(penten-l-yl)phenyl]-2-
phenylacetamide 232b (1.75 g, 6.28 mmol). This gave (Z)-phenyl N-[2-(penten-l-yl)phenyl]-
2-phenylethaneselenoimidate 234b (0.61 g, 27%) as a yellow oil, (1:2 mixture of cis/trans 
isomers). 51 % starting material was recovered. vrnax(neat)/cm-1 2956 (Sp3 C-H), 2926 (Sp3 C-
H), 1634 (C=N), 739, 692 (Ar); oH(250 MHz) 0.93 (3 H, t, J= 7.4, cis-pentenyI5-H), 0.97 (3 
H, t, J = 7.4, trans-pentenyl 5-H), 1.39-1.57 (4 H, rn, cis/trans-pentenyl 4-H), 2.17 (2 H, dq, J 
= 7.1, 1.4, trans-pentenyI3-H), 2.28 (2 H, dq, J= 7.5, 1.7, cis-pentenyI3-H), 3.79 (2 H, s, cis-
benzyl-CH2)' 3.82 (2 H, s, trans-benzyl-CH2), 5.72 (1 H, dt, J = 11.8, 7.2, cis-pentenyl 2-H), 
6.17 (1 H, dt, J = 15.8, 6.8, trans-pentenyl 2-H), 6.35 (1 H, bd, J = 11.8, cis-pentenyl I-H), 
6.38 (1 H, bd, J= 15.8, trans-pentenyll-H), 6.82 (2 H, rn, Ar-H), 6.98-7.36 (26 H, rn, Ar-H); 
Oc 13.81 (trans-pentenyl 5-C), 13.97 (cis-pentenyl 5-C), 22.57 (trans-pentenyl 4-C), 23.23 
(cis-pentenyl 4-C), 30.67 (cis-pentenyl 3-C), 35.46 (trans-pentenyl 3-C), 46.09 (cis/trans-
Benzyl CH2), 119.03, 119.33, 124.89, 125.68, 125.79, 125.89, 126.50, 126.58, 127.31, 127.45 
(alkene and ArCH), 127.52, 127.96, 128.08 (ArC), 128.14, 128.23, 128.91, 128.96, 129.11, 
129,18 (alkene and ArCH), 129.77 (ArC), 129.91, 131.92, 133.26, 137.44 (ArCH), 147.93, 
149.20 (ArC), 165.77 (cis/trans C=N); mlz (LSIMS) 420.1225 [(M+H)\ C25H26NSe requires 
420.1225],420 (19%). 
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Synthesis of (Z)-phenyl 4-methyl-N-[(trans-2-penten-l-yl)phenyl] benzoselenoimidate 
234c 
~pr 
V~I-:Q~O N 
H ~ ~ 
232c __ 
ca~pr IhN~ 
234c q 
Standard selanation conditions were employed using 4-methyl-N-[2-(penten-1-yl)phenyl] 
benzamide 232c (1.50 g, 5.37 mmol). This gave (Z)-phenyl 4-methyl-N-[trans-(2-penten-1-
yl)phenyl] benzoselenoimidate 234c (1.16 g, 52%) as yellow crystals, mp 69-72 cC. 
vrnax(neat)/cm-1 3022 (C=CHR st.), 2955 (Sp3 C-H), 1611 (C=N), 736 (Ar); oH(250 MHz) 0.97 
(3 H, t, J= 7.5, pentenyI5-H), 1.44-1.58 (2 H, m, pentenyI4-H), 2.17-2.26 (2 H, m, pentenyl 
3-H), 2.28 (3 H, s, toluoyl CH3), 6.19 (1 H, dt, J= 15.8,6.7, pentenyI2-H), 6.48 (1 H, bd, J= 
15.8, pentenyll-H), 6.81-6.84 (1 H, m, Ar-H), 6.99-7.26 (9 H, m, Ar-H), 7.46 (1 H, dd, J= 
7.7, 1.4, Ar-H), 7.57 (2 H, d, J= 8.1, Ar-H); Oc 13.81 (pentenyl 5-C), 21.35 (toluoyl CH3), 
22.58 (pentenyl 4-C), 35.55 (pentenyl 3-C), 119.31 (alkene CH), 124.73, 125.87 (alkene CH 
and ArCH), 127.14, 127.48 (ArCH), 128.05 (ArC), 128.48,128.58,128.73,129.17 (ArCH), 
129.47 (ArC), 132.02, 135.05 (ArCH), 135.64, 140.33, 148.47 (ArC), 163.69 (C=N); mlz 
(LSIMS) 420.1221 [(M+H)+' C25H26NSe requires 420.1225], 420 (15%). The structure of 
imidoyl selanide 234c (trans-alkene) was confirmed by X-ray crystallography. 
Synthesis of (Z)-phenyl N-(2-styrylphenyl) ethaneselenoimidate 235a 
ro~Ph I b SePh N=\ 
233a 235a 
Standard selanation conditions were employed using N-(2-styrylphenyl) acetamide 233a (1.66 
g, 7.00 mmol). This gave (Z)-phenyl N-(2-styrylphenyl) ethaneselenoimidate 235a (1.78 g, 
68%) as a yellow oil, (2:1 mixture of cis/trans isomers). vrnax(neat)/cm-1 3055 (ArC-H), 1635 
(C=N), 758, 742, 691 (Ar); oH(250 MHz) 2.20 (3 H, s, cis-methyl), 2.24 (3 H, s, trans-
methyl), 6.48 (1 H, d, J = 12.2, cis C=CH), 6.63 (1 H, d, J = 12.2, cis C=CH), 6.88-6.96 (3 H, 
m, trans CH=CH and Ar-H), 7.14-7.72 (27 H, m, Ar-H); Oc 28.67 (cis-methyl), 28.77 (trans-
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methyl), 119.53 (cis-alkene C), 119.83 (trans-alkene C), 124.24, 124.56, 125.07, 125.97, 
126.67, 127.01, 127.07, 127.51 (ArCH or alkene CH), 127.55, 127.83, 127.89 (ArC), 128.15, 
128.25, 128.66, 129.05, 129.12, 129.39, 130.02, 130.43 (ArCH or alkene CH), 137.23 (ArC), 
137.30 (ArCH), 137.90 (ArC), 148.74 (trans C-N), 149.54 (cis C-N), 165.10 (cis C=N), 
165.33 (trans C=N); mlz (LSIMS) 378.0754 [(M+H)\ C22H20NSe requires 378.0755], 378 
(50%). 
Synthesis of (Z)-phenyI2-phenyl-N-p-tolylethaneselenoimidate 237 
~ Q ~ Vl--N~ 
H 
236 
__ ... ~ gePh~ Vl--N~ 
237 
2-Phenyl-N-p-tolylacetamide 236 (0.68 g, 3.00 mmol) was dissolved in dry DCM (50 mL) 
followed by addition of 6 drops of DMF and then drop wise addition of a 20% phosgene 
solution in toluene (4.76 mL, 9.00 mmol) at 0 DC. IH NMR spectroscopic analysis of the 
reaction mixture after 4,8 and 24 h revealed a 1.5:1 mixture of amide: imidoyl chloride at all 
times. The reaction mixture was stirred overnight at room temperature followed by 
evaporation under reduced pressure affording the imidoyl chloride as a yellow oil. The 
residue was immediately dissolved in dry THF and transferred into a suspension of (PhSe)z 
(0.52 g, 1.66 mmol) and K-selectride® (3.60 mL, 3.60 mmol) in THF. The reaction mixture 
was stirred overnight at room temperature, evaporated under reduced pressure, dissolved in 
DCM and washed with water. The resulting crude product was purified by column 
chromatography yielding (Z)-phenyl 2-phenyl-N-p-tolylethaneselenoimidate 237 (0.53 g, 
49%) as a yellow oil. vmax(neat)/crn-I 3056,3026 (ArC-H), 2918 (Sp3 C-H), 1630 (C=N), 739, 
692 (Ar); oH(250 MHz) 2.35 (3 H, s, CH3), 3.79 (2 H, s, CH2), 6.85-6.88 (2 H, rn, Ar-H), 
6.95-6.99 (2 H, m, Ar-H), 7.16-7.26 (7 H, m, Ar-H), 7.32-7.38 (1 H, m, Ar-H), 7.42-7.45 (2 
H, m, Ar-H); Oc 21.04 (CH3), 46.14 (CH2), 119.40, 119.41, 126.55 (ArCH), 127.38 (ArC), 
128.25, 128.76, 128.96, 129.14, 129.72 (ArCH), 134.33, 136.23 (ArC), 137.57 (ArCH), 
148.41 (ArC-N), 165.23 (C=N); m/z (LSIMS) 366.0750 [(M+Ht, C21H20NSe reqUires 
366.0755],366 (100%), 210 (95). 
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Cyclisation of {Z)-phenyl N-[2-{penten-l-yl)phenyl]ethaneselenoimidate 234a 
ro~pr I .lj SePh N~ 
234a 
o:s=
pr 
I '-':: ~ 
.lj N 
H 
238a 
Using low [Bu3SnH] (syringe addition), high [AIBN] 
+ ccx'-':: Pr l.lj ~ N 
239a 
(Z)-Phenyl N-[2-(penten-l-yl)phenyl]ethaneselenoimidate 234a (300 mg, 0.88 mmol) was 
dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 15 min 
followed by heating to reflux. Tributyltin hydride (520 ilL, 1.93 mmol) was dissolved in 
toluene (20 mL) and added over 6 h via syringe pump, while AIBN (144 mg, 0.88 mmol) was 
added portion wise (18 mg) every 45 min (8 portions). After 6 h stirring at reflux the reaction 
mixture was evaporated under reduced pressure and the residue was filtered through a silica 
plug using light petroleum followed by ethyl acetate thereby reducing the amount of 
tributyltin residues in the products. The product ratio was determined by IH NMR 
spectroscopic analysis of the crude mixture to be: 238a: 239a, 1: 2, along with other unknown 
products. 3-Butyl-2-methyl-IH-indole 238a (28 mg, 9%) and 2-methyl-3-propylquinoline 
239a (57 mg, 35%) were isolated as brown oils using column chromatography. 
Using high [Bu3SnH], low [AIBN] 
(Z)-Phenyl N-[2-(penten-I-yl)phenyl]ethaneselenoimidate 234a (350 mg, 1.02 mmol), 
tributyltin hydride (620 ilL, 2.31 mmol) and AIBN (16 mg, 0.10 mmol) were dissolved in dry 
toluene (150 mL) and the solution was flushed with nitrogen for IS min followed by heating 
to reflux. The reaction mixture was stirred at reflux for 1 h, evaporated under reduced 
pressure and the residue was filtered through a silica plug using light petroleum followed by 
ethyl acetate thereby reducing the amount of tributyltin residues in the products. IH NMR 
spectroscopic analysis of the crude mixture showed only 3-butyl-2-methyl-IH-indole 238a. 
The crude product was purified by column chromatography yielding 3-butyl-2-methyl-IH-
indole 41a (139 mg, 73%) as a brown oil. 
Using high [Bu3SnH], low [Et3B/02] 
(Z)-Phenyl N-[2-(penten-I-yl)phenyl]ethaneselenoimidate 234a (300 mg, 0.88 mmol) and 
tributyltin hydride (520 ilL, 1.93 mmol) were dissolved in dry toluene (ISO mL) and the 
solution was flushed with nitrogen for 15 min followed by addition of triethylborane (1 M 
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solution in hexanes, 0.13 mL, 0.13 mmol). A needle was used to allow 02 to bleed into the 
reaction vessel. The reaction mixture was stirred at room temperature for 1 h, evaporated 
under reduced pressure and the residue was filtered through a silica plug using light petroleum 
followed by ethyl acetate thereby reducing the amount of tributyltin residues in the products. 
IH NMR spectroscopic analysis of the crude mixture showed only 3-butyl-2-methyl-1H-
indole 238a. The crude product was purified by column chromatography yielding 3-butyl-2-
methyl-1H-indole 238a (133 mg, 81%) as a brown oil. 
Using high [TTMSS], Iow [Et3B/02] 
(Z)-Phenyl N-[2-(penten-1-yl)phenyl]ethaneselenoimidate 234a (200 mg, 0.58 mmol) and 
tris(trimethylsilyl)silane (400 ilL, 1.29 mmol) were dissolved in dry toluene (100 mL) and the 
solution was flushed with nitrogen for 15 min followed by addition of triethylborane (1 M 
solution in hexanes, 90 ilL, 0.09 mmol). A needle was used to allow 02 to bleed into the 
reaction vessel. The reaction mixture was stirred at room temperature for 18 h. No reaction 
occurred by TLC analysis. 
Using H3P02, Et3N, AIBN 
(Z)-Phenyl N-[2-(penten-1-yl)phenyl]ethaneselenoimidate 234a (200 mg, 0.58 mmol) was 
dissolved in n-propanol (40mL), and triethylamine (1.22 mL, 8.76 mmol), 50% w/w 
hypophosphorous acid solution in water (0.64 mL, 5.84 mmol) and AIBN (0.11 g, 0.64 mmol) 
was added. The reaction mixture was heated under reflux for 1 h, cooled to room temperature 
and diluted with ethyl acetate. This solution was washed twice with a 1:2 mixture of 3 M 
aqueous HCllbrine, twice with a 1:2 mixture of 3 M NaOHlbrine and finally with brine. The 
organic phase was dried with MgS04 and evaporated under reduced pressure. IH NMR 
spectroscopic analysis showed none of the desired indole, but mainly hydrolysed starting 
material (amide 232a). 
238a155: vrnax(neat)/cm-1 3405 (N-H), 2955 (Sp3 C-H), 2928 (Sp3 C-H), 741 (Ar); oH(250 MHz) 
0.92 (3 H, J= 7.2, butyI4-H), 1.29-1.44 (2 H, m, butyI3-H), 1.54-1.63 (2 H, m, butyI2-H), 
2.36 (3 H, s, 2-methyl), 2.68 (2 H, t, J= 7.5, butyl I-H), 7.02-7.13 (2 H, mAr-H), 7.22-7.27 
(1 H, m, Ar-H), 7.48-7.52 (1 H, m, Ar-H), 7.68 (1 H, bs, NH); Oc 11.66 (2-methyl), 14.05 
(butyI4-C), 22.65, 23.84, 32.99 (butyl 1-, 2- and 3-C), 110.06 (ArCH), 112.48 (ArC), 118.16, 
118.91, 120.73 (ArCH), 128.87, 130.54, 135.25 (ArC). 
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239a 156: vrnax(neat)/cm-I 2957 (Sp3 C-H), 2929 (Sp3 C-H), 750 (Ar); oH(250 MHz) 1.05 (3 H, t, 
J= 7.3, propyI3-H), 1.66-1.81 (2 H, m, propyI2-H), 2.73 (3 H, s, 2-methyl), 2.76 (2 H, t, J= 
6.9, propyl I-H), 7.45 (1 H, ddd, J= 8.1, 6.9, 1.2, Ar-H), 7.62 (1 H, ddd, J= 8.4, 6.9, 1.5, Ar-
H), 7.73 (1 H, dd, J= 8.1, 1.5, Ar-H), 7.84 (1 H, s, quinoline 4-H), 7.99 (1 H, bd, J= 8.4, Ar-
H); Qc 14.01 (propyl 3-C), 22.80 (propyl 2-C), 23.16 (2-methyl), 34.91 (propyl I-C), 125.62, 
126.91 (quinoline CH), 127.39 (4a-C), 128.24, 128.44 (quinoline CH), 134.28 (3-C), 134.50 
(quinoline CH), 146.36 (8a-C), 158.64 (2-C). 
Cyclisation of (Z)-phenyl N-[2-(penten-l-yl)phenyl)-2-phenylethaneselenoimidate 234b 
CC)~ Pr I /. Se Ph ~/ N=( 
Bn ~pr I ~ ~ Bn + .0 N H ~pr ~~I~ N Bn 
234b 238b 23gb 
Using low [Bu3SnH) (syringe addition), high [AIBN) 
(Z)-Phenyl N-[2-(penten-l-yl)phenyl]-2-phenylethaneselenoimidate 234b (300 mg, 0.72 
mmol) was dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 
15 min followed by heating to reflux. Tributyltin hydride (420 ~L, 1.58 mmol) was dissolved 
in toluene (20 mL) and added over 6 h via syringe pump, while AIBN (118 mg, 0.72 mmol) 
was added portion wise (14 mg) every 45 min (8 portions). After 6 h stirring at reflux the 
reaction mixture was evaporated under reduced pressure and the residue was filtered through 
a silica plug using light petroleum followed by ethyl acetate thereby reducing the amount of 
tributyltin residues in the products. The product ratio was determined by IH NMR 
spectroscopic analysis of the crude mixture to be: 238b: 239b, 1: 2.5, along with other 
unknown products. 2-Benzyl-3-propylquinoline 239b (41 mg, 22%) was isolated as a brown 
oil using column chromatography. 
Using high [Bu3SnH), low [AIBN) 
(Z)-Phenyl N-[2-(penten-l-yl)phenyl]-2-phenylethaneselenoimidate 234b (260 mg, 0.62 
mmol), tributyltin hydride (330 ~L, 1.24 mmol) and AIBN (10 mg, 0.06 mmol) were 
dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 15 min 
followed by heating to reflux. The reaction mixture was stirred at reflux for 1 h, evaporated 
under reduced pressure and the residue was filtered through a silica plug using light petroleum 
followed by ethyl acetate thereby reducing the amount of tributyltin residues in the products. 
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IH NMR spectroscopic analysis of the crude mixture showed only 2-benzyl-3-butyl-lH-
indole 238b. The crude product was purified by column chromatography yielding 2-benzyl-3-
butyl-lH-indole 238b (86 mg, 52%) as a brown oil. 
238b: vrnax(neat)/cm-1 3405 (N-H), 2926 (Sp3 C-H), 740 (Ar); oH(250 MHz) 0.93 (3 H, t, J = 
7.3, butyI4-H), 1.29-1.47 (2 H, m, butyI3-H), 1.58-1.70 (2 H, rn, butyI2-H), 2.77 (2 H, t, J= 
7.5, butyl I-H), 4.09 (2 H, s, benzyl CH2), 7.04-7.33 (8 H, m, Ar-H), 7.50 (1 H, bs, NH), 7.52-
7.57 (1 H, m, Ar-H); Oc 14.15 (butyl 4-C), 22.86, 24.00 (butyl 2- and 3-C), 32.34, 33.32 
(butyl l-C and benzyl CH2), 110.45 (ArCH), 113.42 (ArC), 118.63, 119.03, 121.21, 126.66 
(ArCH), 128.67 (ArC), 128.76, 128.78 (ArCH), 132.90, 135.60, 138.97 (ArC); m/z (El) 
264.1749 [(M+H)\ CI9H22N requires 264.1747],263 (58%),220 (100), 172 (7), 91 (14), 77 
(8). 
239b: vrnax(neat)/cm-1 2928 (Sp3 C-H), 751, 697 (Ar); oH(250 MHz) 0.94 (3 H, t, J = 7.3, 
propyl 3-H), 1.58 (2 H, sekstet, J = 7.3, propyl 2-H), 2.67 (2 H, t, J = 7.3, propyl I-H), 2.22 (2 
H, s, benzyl CH2), 7.13-7.27 (5 H, m, Ar-H), 7.45-7.51 (1 H, m, Ar-H), 7.61-7.68 (1 H, m, 
Ar-H), 7.79 (1 H, bd, J= 8.2, Ar-H), 7.87 (1 H, s, quinoline 4-H), 8.08 (1 H, d, J= 8.4, Ar-
H); Oc 14.08 (propyl 3-C), 23.31 (propyl 2-C), 34.22 (propyl I-C), 42.76 (benzyl CH2), 
126.01, 126.22, 126.97, (ArCH), 127.61 (ArC), 128.43 (Ph 3-, 5-C), 128.59 (ArCH), 128.68 
(Ph 2-, 6-H), 128.74 (ArCH), 134.63 (ArC), 135.54 (ArCH), 139.16 (ArC), 146.40 (quinoline 
8a-C), 159.99 (quinoline 2-C); mlz (El) 262.1588 [(M+Ht, Cl9H20N requires 262.1590], 261 
(58%),246 (100), 218 (45),170 (18), 91 (90), 77 (75). 
Cyclisation of (Z)-phenyl 4-methyl-N-[ (2-penten-l-yl)phenyl] benzoselenoimidate 234c 
~' CC;P' I ~ ~ p-tol + cex' ro I 0 SePh .. I 0 ~ + N=( o N o ~ 
p-tol H N p-tol N p-tol 
234c 238c 239c 240c 
Using low [Bu3SnH] (syringe addition), high [AIBN] 
(Z)-Phenyl 4-methyl-N-[(2-penten-l-yl)phenyl] benzoselenoimidate 234c (300 mg, 0.72 
mmol) was dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 
15 min followed by heating to reflux. Tributyltin hydride (420 IlL, 1.58 mmol) was dissolved 
in toluene (20 mL) and added over 6 h via syringe pump, while AIBN (118 mg, 0.72 mmol) 
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was added portion wise (14 mg) every 45 min (8 portions). After 6 h stirring at reflux the 
reaction mixture was evaporated under reduced pressure and the residue was filtered through 
a silica plug using light petroleum followed by ethyl acetate thereby reducing the amount of 
tributyltin residues in the products. The product ratio was determined by IH NMR 
spectroscopic analysis of the crude mixture to be: 238c: 239c: 240c, 1: 4: 3, along with other 
unknown products. 3-Propyl-2-(p-tolyl) quinoline 239c (73 mg, 39%) was isolated as a brown 
oil and 2-(p-tolyl) quinoline 240c (11 mg, 6%) was isolated as colourless crystals, mp 80-82 
°C (lit., 81-82 °C), using column chromatography. 
Using high [Bu3SnH], low [AIBN] 
(Z)-Phenyl 4-methyl-N-[(2-penten-l-yl)phenyl] benzoselenoimidate 234c (173 mg, 0.41 
mmol), tributyltin hydride (220 ilL, 0.83 mmol) and AIBN (7 mg, 0.04 mmol) were dissolved 
in dry toluene (150 mL) and the solution was flushed with nitrogen for 15 min followed by 
heating to reflux. The reaction mixture was stirred at reflux for 1 h, evaporated under reduced 
pressure and the residue was filtered through a silica plug using light petroleum followed by 
ethyl acetate thereby reducing the amount of tributyltin residues in the products. IH NMR 
spectroscopic analysis of the crude mixture showed only 3-butyl-2-(p-tolyl)-IH-indole 238c. 
The crude product was purified by column chromatography yielding 3-butyl-2-(p-tolyl)-IH-
indole 238c (73 mg, 66%) as a brown oil. 238c is unstable in solution and has therefore only 
been partially characterised. 
238c: vrnax(neat)/cm-I 3411 (N-H), 2954 (Sp3 C-H), 1457 (C-N st.), 741 (Ar); oH(250 MHz) 
0.92 (3 H, t, J = 7.3, butyI4-H), 1.34-1.49 (2 H, m, butyl 3-H), 1.64-1.74 (2 H, m, butyI2-H), 
2.41 (3 H, s, toluoyl CH3), 2.87 (2 H, t, J= 7.9, butyl I-H), 7.09-7.46 (6 H, m, Ar-H), 7.61-
7.64 (1 H, m, Ar-H), 7.96 (1 H, bs, NH), 8.19-8.23 (1 H, m, Ar-H). 
239c: vrnax(neat)/cm-I 2950 (Sp3 C-H), 1600 (C-N), 810, 755 (Ar); oH(250 MHz) 1.08 (3 H, t, J 
= 7.4, propyI3-H), 1.79-1.91 (2 H, m, propyI2-H), 2.44 (3 H, s, toluoyl CH3), 3.10 (2 H, t, J 
= 7.7, propyl I-H), 7.31-7.36 (2 H, m, Ar-H), 7.49-7.55 (1 H, m, Ar-H), 7.67-7.76 (2 H, m, 
Ar-H), 7.70 (1 H, s, quinoline 4-H), 8.02-8.10 (2 H, m, Ar-H), 8.16-8.22 (1 H, m, Ar-H); Oc 
14.26 (propyl CH3), 21.38 (toluoyl CH3), 23.40 (propyl 2-C), 34.58 (propyl I-C), 118.69, 
123.44, 125.76 (ArCH), 126.53 (ArC), 127.46, 129.60, 130.40, 136.70 (ArCH), 137.15, 
139.23, 148.52, 148.87, 157.04 (ArC); mlz (El) 262.1585 [(M+Ht, CI9H2oN requires 
262.1590],262 (30%), 234 (100), 221 (75). 
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240C157: vmax(neat)/cm-I 2925 (Sp3 C-H), 1596 (C-N), 813 (Ar); oH(250 MHz) 2.43 (3 H, s, 
toluoyl CH3), 7.33 (2 H, d, J = 7.9, toluoyl 3, 5-H), 7.47-7.54 (1 H, m, quinoline 6- or 7-H), 
7.68-7.75 (1 H, m, quinoline 6- or 7-H), 7.81 (1 H, dd, J= 8.2, 1.2, quinoline 5- or -8-H), 7.86 
(1 H, d, J= 8.7, quinoline 3- or 4-H), 8.07 (2 H, d, J= 7.9, toluoyl2, 6-H), 8.14-8.21 (2 H, m, 
quinoline-H); Oc 21.38 (toluoyl CH3), 118.89 (ArCH), 125.75 (ArC), 126.10, 127.11, 127.45 
(ArCH), 129.53 (ArC), 129.60, 129.67, 136.69 (ArCH), 136.89 (ArC), 139.42 (ArCH), 
148.30, 157.36 (ArC-N); mlz (El) 220.1120 [(M+Ht, CI6HI4N requires 220.1121], 220 
(100%),91 (38). 
CycIisation of (Z)-pbenyl N-(2-styrylpbenyl) etbaneselenoimidate 235a 
CCJ~ Ph I /: SePh ---'''~ // N~ 
235a 
cQ=Ph I ~ ~ 
h- N 
H 
244a 
(Z)-Phenyl N-(2-styrylphenyl) ethaneselenoimidate 235a (300 mg, 0.80 mmol), tributyltin 
hydride (470 JlL, 1.75 mmol) and AIBN (12 mg, 0.08 mmol) were dissolved in dry toluene 
(150 mL) and the solution was flushed with nitrogen for 15 min followed by heating to reflux. 
The reaction mixture was stirred at reflux for 1 h, evaporated under reduced pressure and the 
residue was purified by column chromatography yielding 3-benzyl-2-methyl-lH-indole 
244a l58 (142 mg, 80%) as a pale yellow amorphous solid. vmax(neat)/cm-I 3398 (N-H), 2915 
(Sp3 C-H), 741, 697 (Ar); oH(250 MHz) 2.31 (3 H, s, methyl), 4.04 (2 H, s, benzyl CH2) 6.98-
7.25 (8 H, m, Ar-H) , 7.38 (1 H, d, J = 7.7, Ar-H), 7.63 (1 H, bs. NH); Oc 11.83 (methyl), 
30.16 (benzyl CH2), 110.24 (ArCH), 110.55 (ArC), 118.43, 119.30, 121.04, 125.74, (ArCH), 
128.34, 128.36 (Ph 0- and m-C), 128.94, 131.75, 135.32, 141.74 (ArC). 
Synthesis of 1-(hex-2-en-2-yl)-2-nitrobenzene 246 
246 
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Sodium hydride (2.66 g, 66.66 mmol) was dissolved in THF (250 mL) followed by addition 
of (1-butyl)-triphenylphosphonium bromide (26.65 g, 66.66 mmol) and stirring at reflux for 4 
h. o-Nitroacetophenone (9.17 g, 55.55 mmol) was added and the mixture was stirred under 
reflux overnight and after cooling to room temperature, ethanol was added, and the resulting 
suspension was filtered through celite using a 1:5 mixture of ethyl acetate: light petroleum. 
The filtrate was evaporated under reduced pressure and using column chromatography l-(hex-
2-en-2-yl)-2-nitrobenzene 246 (3.27 g, <29%) was obtained as a yellow oil (mixture of EIZ 
isomers and containing some PPh3). vrnax(neat)/cm-1 2920 (Sp3 C-H), 1526, 1352 (N02); 
oH(250 MHz) 0.79 (6 H, t, J = 7.3, major, minor-hexenyl 6-H), 1.21-1-37 (4 H, m, major, 
minor-hexenyl 5-H), 1.43-1.49 (2 H, m, minor-hexenyl 4-H); 1.64 (2 H, dt, J = 7.4, 1.2, 
major-hexenyI4-H), 2.06-2.07 (6 H, m, major, minor hexenyl1-H), 5.41 (1 H, tq, J= 7.3,2.0, 
hexenyl 3-H), 5.50 (1 H, tq, J = 7.4, 2.0, major-hexenyl 3-H), 7.21-7.44 (4 H, m, major, 
minor-ArH), 7.57 (2 H, dt, J= 7.6, 1.3, major, minor-ArH), 7.93 (2 H, dd, J= 7.6, 1.4, major, 
minor-ArH); oc(major only) 13.68 (hexenyl 6-C), 22.60 (hexenyl 5-C), 24.87 (hexenyl I-C), 
31.31 (hexenyI4-C), 114.54-137.76 (8 C, m, ArC, ArCH, C=C and PPh3). 
Synthesis of N-[2-(hex-2-en-2-yl)phenyl] acetamide 245 
246 245 
1-(Hex-2-en-2-yl)-2-nitrobenzene 246 (2.00 g, 9.80 mmol) was dissolved in ethanol (25 mL) 
followed by addition of glacial acetic (25 mL) and iron powder (2.20 g, 39.20 mmol). The 
suspension was heated under reflux overnight and filtered through celite with ethanol. The 
filtrate was evaporated under reduced pressure, taken up in diethyl ether, washed with dilute 
aqueous NaOH solution, dried and evaporated under reduced pressure to give 2-(hex-2-en-2-
yl)aniline (0.43 g, starting material not pure) as a blue oil (mixture of EIZ isomers and 
containing PPh3). With no further purification 2-(hex-2-en-2-yl)aniline (0.43 g, 3.00 mmol) 
was dissolved in DCM (50 mL), followed by addition of triethylamine (0.55 mL, 3.91 mmol), 
4-(dimethylamino)pyridine (O.Olg, 0.11 mmol) and finally acetyl chloride (0.49 g, 6.25 
mmol). The reaction mixture was stirred overnight, filtered through celite and evaporated 
under reduced pressure. The residue was dissolved in ethyl acetate, washed with dilute 
aqueous HCI, saturated NaHC03 solution and brine, dried and evaporated under reduced 
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pressure. Column chromatography gave N-[2-(hex-2-en-2-yl)phenyl]acetamide 245 (0.27 g, 
2% from o-nitroacetophenone) as a yellow oil (mixture of EIZ isomers). vrnax(neat)/cm-1 3402 
(N-H), 2961, 2934 (Sp3 C-H), 1713 (C=O); oH(250 MHz) 0.73 (3 H, t, J = 7.2, major-hexenyl 
6-H), 0.91 (3 H, t, J = 7.2, minor-hexenyl 6-H), 1.24 (2 H, sekstet, J = 7.2, major-hexenyl 5-
H), 1.40 (2 H, sekstet, J= 7.2, minor-hexenyI5-H), 1.62-1.66 (4 H, m, major, minor-hexenyl 
4-H), 1.85 (3 H, s, minor-hexenyll-H), 1.88 (3 H, s, major-hexenyll-H), 1.98 (3 H, s, minor-
COCH3), 2.05 (3 H, s, major-COCH3), 5.36-5.40 (1 H, m, minor-hexenyl 3-H), 5.59-5.63 (1 
H, m, major-hexenyI3-H), 6.93-7.00 (4 H, m, major, minor-Ar-H), 7.15-7.20 (2 H, m, major, 
minor-Ar-H), 7.29 (2 H, bs, major, minor-NH), 8.11 (1 H, d, J= 8.0, minor-Ar-H), 8.23 (1 H, 
d, J = 8.0, major-Ar-H); oc(major only) 13.71 (hexenyl 6-C), 22.72 (hexenyl 5-C), 24.82, 
25.14 (hexenyl l-C and COCH3), 31.14 (hexenyl 4-C), 119.98, 123.80, 127.65, 127.93, 
131.06 (CH), 131.32 132.75, 134.27 (ArC and C=CH), 168.07 (C=O); mlz (El) 218.1537 
[(M+Ht, Cl4H20NO requires 218.1539] 217 (21%), 205 (16),174 (100),160 (81),120 (83), 
77 (22). 
Synthesis of 2-(2-aminophenyl)propan-2-o1248 
Methylmagnesium bromide (44.10 mL 0.13 mole) was added to a solution of methyl 
anthranilate (4.30 mL, 33.07 mmol) in THF (150 mL) at 0 cC. The mixture was stirred at 
room temperature for 2 h. The reaction was neutralised by adding aqueous HCI (0.5 M) very 
carefully. The reaction mixture was extracted with aqueous HCI solution, then a strong 
aqueous KOH solution was added until the solution was basic, and extracted four times with 
diethyl ether. The solution was dried over MgS04 and filtered. The solvent was removed 
under reduced pressure to give 2-(2-aminophenyl)propan-2-o1 248 (4.84 g, 97%) as a dark 
orange oil. vrnax(neat)/cm-1 3362 (OH), 2975 (Sp3 C-H), 1612 (NH2), 1452 (C-O), 1143, 866, 
749 (Ar); oH(250 MHz) 1.67 (6 H, s, Me), 1.92 (1 H, s, OH), 4.68 (2 H, s, NH2), 6.67 (1 H, 
dd, J= 7.9, 1.7, Ar-H), 6.68 (1 H, dt, J = 7.9, 1.7, Ar-H), 7.07 (1 H, dt, J = 7.9, 1.7, Ar-H), 
7.13 (l H, dd, J = 7.9, 1.7, Ar-H); oc 29.27 (Me), 74.27 [C(Me)2], 117.4 (ArCH), 117.61 
(ArCH), 125.72 (ArCH), 128.35 (ArCH), 130.49, 145.70 (ArC); mlz (El) 151.0997 [M+, 
6-134 
C9H13NO requires 151.0997] 151 (42%), 136 (28), 133 (100), 132 (59), 118 (91), 117 (29), 
106 (9), 91 (37), 77 (19). 
Synthesis of 2-(prop-l-en-2-yl)aniline 249 
2-(2-aminophenyl)propan-2-01 248 (4.66 g, 30.83 mmol) and p-toluenesulfonic acid (0.59 g, 
3.08 mmol) were dissolved in toluene (150 mL). The mixture was heated under reflux with a 
Dean-Stark trap and stirred for 3 h. After cooling to room temperature, the reaction mixture 
was extracted with both saturated aqueous NaHC03 and NaCI solutions. The aqueous layer 
was extracted with ethyl acetate, mixed with the toluene layer, and dried over MgS04 and 
filtered. The solvents were removed under reduced pressure to give 2-(prop-l-en-2-yl)aniline 
249 (3.75 g, 91%) as an orange oil. vmax(neat)/cm-1 3461, 3372 (NH2), 3074, 3020 (ArC-H), 
2967 (Sp3 C-H), 1612 (NH2), 1573 (C=C), 904,749 (Ar); oH(250 MHz) 2.07 (3 H, dd,J= 1.5, 
0.8, Me), 3.86 (2 H, s, NH2), 5.06 (1 H, m, trans C=CH), 5.29 (1 H, m, cis C=CH), 6.65-6.81 
(2 H, m, Ar-H), 7.00-7.10 (2 H, m, Ar-H); Oc 23.95 (Me), 115.35 (CH2), 115.56, 118.22, 
127.92, 128.23 (ArCH), 129.24 (ArC), 142.83 (C=CH2), 143.45 (ArC); mlz (El) 133.0892 
[M+, C9HllN requires 133.0891] 133 (100%), 132 (57), 118 (46), 117 (32), 91 (31), 77 (12). 
Synthesis of N-[2-(prop-l-en-2-yl)phenyl]acetamide 250a 
250a 
A catalytic quantity of 4-dimethylaminopyridine (DMAP) was added to a solution of 2-(prop-
l-en-2-yl)aniline 249 (1.90 g, 14.32 mmol) in dry DCM (75 mL). Triethylamine (2.99 mL, 
21.47 mmol) and acetyl chloride (5.09 mL, 71.58 mmol) were added to the solution, the last 
one added drop wise at 0 cC. The mixture stirred for 24 h at room temperature. The reaction 
mixture was extracted with both aqueous HCI and saturated NaHC03 solutions. The organic 
layer was dried over MgS04 and filtered. The solvent was removed under reduced pressure. 
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The resulting oil was purified by column chromatography to give N-[2-(prop-l-en-2-
yl)phenyl]acetamide 250a (1.80 g, 72%) as yellow crystals, mp 48-50 cC. vrnax(neat)/cm· t 
3278 (NH), 2971 (Sp3 C-H), 1667 (C=O), 757 (Ar); oH(250 MHz) 2.07 [3 H, d, J = 1.0, 
CH2=C(CH3)], 2.15 (3 H, s, COMe), 5.02 (1 H, s, (rans CH), 5.38 (1 H, s, cis CH), 7.01-7.33 
(3 H, m, Ar-H), 7.57 (1 H, s, NH), 8.23 (1 H, d, J= 8.1, Ar-H); Oc 24.46 (CH2=C[CH3)], 
24.74 (COCH3), 116.75 (CH2), 121.08, 123.88, 127.68, 127.87 (ArCH), 133.43, 133.87 
(ArC), 142.95 (CH2=C), 168.21 (CO); mlz (El) 175.0995 [M+, CIIHI3NO requires 175.0997] 
175 (5%) 133 (20), 132 (100), 118 (17), 117 (15), 91 (7). 
Synthesis of 4-methyl-N-[2-(prop-l-en-2-yl)phenyl]benzamide 250b 
250b -
A catalytic quantity of 4-dimethylaminopyridine was added to a solution of 2-(prop-l-en-2-
yl)aniline 249 (6.82 g, 51.23 mmol) in dry DCM (100 mL). Triethylamine (10.70 mL, 76.85 
mmol) and toluoyl chloride (10.16 mL, 76.84 mmol) were added to the solution, the latter 
added drop wise at 0 QC. The mixture was stirred for 24 h at room temperature. The reaction 
mixture was extracted with both aqueous HCI and saturated NaHC03 solutions. The organic 
layer was dried over MgS04 and filtered. The solvent was removed under reduced pressure. 
The resulting oil was purified by column chromatography to yield an orange oil. 
Recrystallisation from hot ethyl acetate and filtration with petrol gave 4-methyl-N-[2-(prop-l-
en-2-yl)phenyl]benzamide 250b (8.58 g, 67%) as a colourless solid, mp 104-108 cC. 
vrnax(neat)/cm- t 3411 (NH), 3028 (ArC-H), 2970, 2917 (Sp3 C-H), 1782, 1672 (C=O), 1610, 
1579 (C=C and ArC), 907, 827, 751 (Ar); oH(400 MHz) 2.11 (3 H, dd, J= 1.5, 1.0, C=CCH3), 
2.42 (3 H, s, Ar-CH3), 5.11 (1 H, m, (rans CH), 5.47 (1 H, m, cis CH), 7.08-7.35 (5 H, m, Ar-
H), 7.73 (2 H, m, Ar-H), 8.04 (1 H, m, Ar-H), 8.44 (1 H, s, NH); Oc 21.53 (C=CCH3), 24.72 
(Ar-CH3), 116.85 (CH2), 120.66, 123.79, 126.96, 127.66, 128.08, 129.55 (ArCH), 132.285, 
133.41, 134.16 (ArC), 142.36 (ArC or C=CH2), 143.36 (ArC or C=CH2), 165.06 (C=O); m/z 
(El) 250.12335 [(~- H), C17H t6NO requires 250.1232] 250 (22%), 233 (5), 132 (11), 121 
(16.5), 119 (100), 91 (39). 
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Synthesis of N-(2-iodophenyl)formamide 253 159 
ccl I ~ N~O 
H 
253 
Fonnic acid (6.00 mL, 150 mmol) was added to a stirred solution of2-iodoaniline (5.48 g, 25 
mmol) in toluene (100 mL) and heated under reflux for 18 h. After cooling to room 
temperature the mixture was evaporated under reduced pressure. The resulting residue was 
taken up in ethyl acetate, washed with water, dried and evaporated to dryness. The solid 
obtained was recrystallised in ethyl acetate to give N-(2-iodophenyl)formamide 253 159 (4.49 
g, 73%) as brown crystals, mp 111-112 QC (1:1.5 mixture ofrotamers). vrnax(neat)/cm- I 3219 
(N-H) , 1653 (C=O), 745, 693 (o-subst. benzene); oH(400 MHz) 6.86-6.97 (2 H, m, Ar-H, 
major), 7.21-7.23 (1 H, m, Ar-H, minor), 7.34-7.38 (2 H, m, Ar-H, major and minor), 7.46 (2 
H, bs, NH, major and minor), 7.80 (1 H, dd, J= 8.0, 1.4, Ar-H, major), 7.85 (1 H, dd, J= 8.0, 
1.2, Ar-H, minor), 8.30 (1 H, dd, J = 8.2, 1.4, Ar-H, major), 8.49 (1 H, d, J = 1.4, CHO, 
major), 8.66 (1 H, d, J = 11.1, CHO, minor); Oc 89.44 (I-C, major), 90.90 (1-C, minor), 
119.56 (ArCH, minor), 122.41, 126.46 (ArCH, major), 127.13 (ArCH, minor), 129.34 (ArCH, 
major), 129.66 (ArCH, minor), 137.35 (2-C, major), 137.82 (2-C, minor), 139.02 (ArCH, 
major), 139.97 (ArCH, minor), 159.10 (CHO, major), 162.08 (CHO, minor). 
Synthesis of N-[2-(1-hydroxycyclohexyl)phenyl]formamide 254 159 
253 254 
To a stirred suspension ofNaH (0.70 g, 17.60 mmol) in THF (50 mL) was added a solution of 
N-(2-iodophenyl)formamide 253 (3.96 g, 16.00 mmol) in THF (20 mL) followed by stirring 
for 20 min at room temperature. The reaction mixture was cooled to -78 QC and a 2.5 M 
solution of butyl lithium in hexane (13.44 mL, 33.60 mmol) was added drop wise followed by 
stirring for 30 min. Cyclohexanone (1.66 mL, 16.00 mmol) was added drop wise over 5 min 
and the mixture was stirred for 3 h at -78 QC followed by careful quenching with saturated 
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aqueous ammonium chloride. The resulting mixture was extracted twice with DCM and 
washed with water and brine, dried and evaporated under reduced pressure. The solid 
obtained was triturated with light petroleum, filtered and recrystallised in ethyl acetate to give 
N-[2-(1-hydroxycyclohexyl)phenyl]formamide 254 (2.01 g, 57%) as colourless crystals, mp 
115-120 QC (lit.,159 143-144 QC). (1:1 mixture ofrotamers). vrnax(neat)/cm- I 3276 (O-H), 2932 
(sp3 C-H), 1665 (C=O), 752 (Ar); oH(400 MHz) 1.23-1.29 (2 H, m, CH2), 1.66-1.84 (14 H, m, 
CH2), 2.03-2.08 (4 H, m, CH2), 2.47 (1 H, s, OH), 2.61 (1 H, s, OH), 7.05-7.15 (3 H, m, Ar-
H), 7.23-7.33 (4 H, m, Ar-H), 8.30 (1 H, dd, J= 8.0, 1.2, Ar-H), 8.38 (1 H, d, J= 2.0, CHO), 
8.58 (1 H, d, J = 11.6, CHO), 9.79 (1 H, bd, J = 11.6, NH), 10.02 (1 H, bs, NH); Oc 21.65, 
21.74 (cyclohexanyl 3, 5-C), 25.34, 25.39 (cyclohexanyl 4-C), 36.64, 36.69 (cyclohexanyl 2, 
6-C), 74.68, 75.09 (cyclohexanyl I-C), 119.41, 123.10, 124.13, 124.71, 125.11, 126.02, 
128.00, 128.31 (ArCH), 135.57, 136.26 (2 C), 136.75 (ArC), 158.87, 162.20 (C=O). 
Synthesis of 2-cyclohexenylaniIine 255159 
255 
To a solution of N-[2-(I-hydroxycyclohexyl)phenyl]formamide 254 (0.51 g, 2.30 mmol) in 
ethanol (30 mL) was added 30 mL of 5 M aqueous HCI. The mixture was heated under reflux 
for 1 h, cooled to room temperature and basified using aqueous NaOH solution. The resulting 
suspension was extracted three times with DCM and the organic phase was dried and 
concentrated under reduced pressure. The resulting residue was purified using column 
chromatography to give 2-cyclohexenylaniline 255 (0.20 g, 51%) as a brown oil. 
vrnax(neat)/cm-I 3462, 3369 (NH2), 3022 (ArC-H), 2927, 2855, 2835 (Sp3 C-H), 1612 (C=C), 
1491 (Ar C=C), 748 (Ar); oH(400 MHz) 1.65-1.71 (2 H, m, cyclohexenyl 4- or 5-H), 1.75-
1.78 (2 H, m, cyclohexeny14- or 5-H), 2.15-2.19 (2 H, m, cyclohexeny13- or 6-H), 2.22-2.26 
(2 H, m, cyclohexenyl 3- or 6-H), 3.76 (2 H, bs, NH2), 5.75 (1 H, septet, J = 1.85, 
cyclohexenyl 2-H), 6.68-6.75 (2 H, m, Ar-H), 6.98 (1 H, dd, J = 7.8, 1.6, Ar-H), 7.04 (1 H, 
ddd, J = 7.8, 7.3, 1.6, Ar-H); Oc 22.17, 23.19, 25.44, 29.39 (CH2), 115.36, 118.27, 126.79, 
127.46, 128.63 (ArCH and CH=C), 130.45, 136.43, 143.12 (ArC and CH=C). 
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Synthesis of N-(2-cyclohexenylphenyl)acetamide 252 
255 252 
To a stirred solution of 2-cyclohexenylaniline 255 (1.30 g, 7.50 mmol), triethylamine (2.10 
mL, 15.00 mmol) and 4-dimethylaminopyridine (0.01 g, 0.8 mmol) in DCM (30 mL) was 
added acetyl chloride (1.08 mL, 15 mmol) drop wise at 0 QC. The reaction was allowed to 
warm to room temperature and stirred for 4 h. The mixture was diluted with DCM and 
washed with dilute aqueous HCl, saturated NaHC03 solution and brine. The organic phase 
was dried and evaporated under reduced pressure. Purification using column chromatography 
resulted in isolation of N-(2-cyclohexenylphenyl)acetamide 252 (1.20 g, 75%) as a colourless 
foam. vrnax(neat)/cm-1 3480 (N-H) , 2930, 2835 (Sp3 C-H), 1668 (C=O), 756 (Ar); oH(400 
MHz) 1.69-1.82 (4 H, m, cyclohexenyl 4, 5-H), 2.14 (3 H, s, COCH3), 2.18-2.21 (4 H, m, 
cyclohexenyl3, 6-H), 5.74-5.75 (1 H, m, cyclohexenyI2-H), 7.05-7.10 (2 H, m, Ar-H), 7.22-
7.26 (1 H, m, Ar-H), 7.47 (1 H, bs, NH), 8.21 (1 H, bd, J = 8.0, Ar-H); Oc 22.02, 23.06 
(cyc1ohexenyl CH2), 24.82 (COCH3), 25.44, 30.02 (cyc1ohexenyl CH2), 120.72, 123.82, 
127.50, 128.19, 128.44 (ArCH and CH=C), 134.26, 134.34, 135.99 (ArC and CH=C), 167.99 
(C=O); mlz (ESI) 216.1383 [(M+H/, C14H1SNO requires 216.1383], 215 (9%), 172 (100), 
130 (72). 
Synthesis of (Z)-phenyl N-2-(prop-l-en-2-yl)phenylethaneselenoimidate 256a 
~sePh UN~ 
250a 256a 
I 
Standard selanation conditions were employed using N-[2-(prop-l-en-2-yl)phenyl]acetamide 
250a (1.00 g, 5.71 mmol). This gave (Z)-phenyl N-2-(prop-l-en-2-
yl)phenylethanese1enoimidate 256a as an orange oil (0.464 g, 26%). vrnax(neat)/cm-1 3056 
(ArC-H), 2963, 2919 (Sp3 C-H), 2360, 2340, 1651, 1633, 1592, 1578 (C=C, C=N, ArC-C), 
759, 740, 692 (Ar); oH(250 MHz) 2.1 0 (3 H, s, CH2=C-CH3), 2.16 (3 H, s, N=C-CH3), 5.1 0 (1 
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H, s, frans CH), 5.18 (l H, s, cis CH), 6.85 (1 H, d, J= 7.7, Ar-H), 7.09-7.47 (6 H, rn, Ar-H), 
7.60-7.66 (2 H, rn, Ar-H); 8c 23.14 (N=C-CH3), 28.58 (CH2=C-CH3) 115.87 (CH2), 119.57, 
124.73, 127.75 (ArCH), 128.02 (C=CH2), 129.04, 129.37, 131.51 (ArCH), 134.20 (ArC), 
137.26 (ArCH), 143.67 (ArC), 148.01 (ArC), 164.02 (C=N). This irnidoyl selanide was 
cyc1ised with no further characterisation. 
Synthesis of (Z)-phenyl 4-methyl-N-[2-(prop-l-en-2-yl)phenyl]benzoselenoimidate 256b 
OC sePh h 
256b ~_ 
Standard selanation conditions were employed usmg 4-methyl-N-[2-(prop-l-en-2-
yl)phenyl]benzamide 250b (0.50 g, 2.00 mrnol). This gave (Z)-phenyl 4-methyl-N-[2-(prop-
l-en-2-yl)phenyl]benzose1enoimidate 256b (0.316 g, 40%) as a yellow oil. vmax(neat)/crn·1 
3056,3025 (ArC-H), 2966.5, 2916 (Sp3 C-H), 1696, 1604, 1590, 1576, 1564 (ArC-C, C=C), 
756, 737,689,619,613 (Ar); 8H(250 MHz) 2.16 (3 H, s, CH2=CCH3), 2.25 (3 H, s, ArCH3), 
5.12 (1 H, s, frans CH), 5.24 (1 H, s, cis CH), 6.86 (l H, d, J = 7.6, Ar-H), 6.98 (2 H, d, J = 
8.0, Ar-H), 7.02-7.33 (5 H, m, Ar-H), 7.40-7.45 (l H, m, Ar-H), 7.48 (2 H, d, J= 8.0, Ar-H), 
7.56-7.63 (l H, m, Ar-H), 7.83 (1 H, d, J= 8.4, Ar-H); 8c 21.38 (CH3), 23.23 (CH3), 116.13 
(CH2), 119.54, 124.71, 127.50, 127.60, 128.53, 128.81, 128.83, 129.03, 129.25, 129.37, 
129.64 (ArCH), 129.78 (C=CH2), 133.86 (ArC), 134.97 (ArCH), 135.50 (ArC), 136.415 
(ArCH), 140.10, 143.75 (ArC), 144.97 (ArC-N), 148.60 (C=N). This imidoyl selanide was 
cyclised with no further characterisation. 
Synthesis of (Z)-phenyl 4-methyl-N-[2-(pent-2-en-3-yl)phenyl]benzoselenoimidate 257 
cC;~ IAN~ 
m ~_~ 
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Standard selanation conditions were employed using 4-methyl-N-(2-(pent-2-en-3-
yl)phenyl)benzamide 251 (0.78 g, 2.81 mmol). This gave (Z)-phenyl 4-methyl-N-[2-(pent-2-
en-3-yl)phenyl]benzoselenoimidate 257 (0.112 g, 10%). Due the small amount of material 
obtained 257 was only characterised by IH NMR spectroscopy. oH(250 MHz) 1.32 (3 H, t, J = 
7.5, CH2CH3), 2.41 (3 H, s, tol-CH3), 2.43 (3 H, s, C=CHCH3), 3.17 (2 H, q, J = 7.5, 
CH2CH3), 5.07 (l H, m, C=CHCH3), 7.03-7.70 (11 H, m, Ar-H), 8.00-8.16 (2 H, m, Ar-H). 
Synthesis of (Z)-phenyl N-2-cyclohexenylphenylethaneselenoimidate 258 
cC9~ I /. SePh + 
-'/ N==\ 
252 258 261 
Standard selanation conditions were employed using N-(2-cyclohexenylphenyl)acetamide 252 
(1.20 g, 5.57 mmol). This gave (Z)-phenyl N-2-cyclohexenylphenylethane selenoimidate 258 
(0.42 g, 21%) as a yellow oil, and 6-methyl-7,8,9,10-tetrahydrophenanthridine 261 (0.61 g, 
55%) as colourless crystals, mp 84-86 QC. 
258: vmax(neat)/cm-1 3055 (ArC-H), 2925, 2853, 2831, (Sp3 C-H), 1644 (C=N), 1117 (Ar 
C=C), 740, 692 (Ar); oH(400 MHz) 1.64-1.76 (4 H, m, cyclohexenyl 4, 5-H), 2.14 (3 H, s, 
CH3), 2.14-2.21 (2 H, m, cyclohexenyl 3- or 6-H), 2.32-2.36 (2 H, m, cyclohexenyl 3- or 6-
H), 5.80 (1 H, m, cyclohexenyl 2-H), 6.81-6.83 (1 H, m, Ar-H), 7.09-7.13 (1 H, rn, Ar-H), 
7.19-7.23 (2 H, m, Ar-H), 7.31-7.41 (3 H, m, Ar-H), 7.62-7.63 (2 H, rn, Ar-H); Oc 22.27, 
23.24, 25.79 (cyclohexenyl 3, 4, 5-CH2), 28.46 (CH3), 28.67 (cyclohexenyl 6-C), 119.37, 
124.72, 127.12, 127.17 (ArCH and C=CH), 128.24 (ArC or C=CH), 128.94, 129.08, 129.34 
(ArCH), 135.26, 136.83 (ArC or C=CH), 137.22 (ArCH), 148.16 (benzene I-C), 163.32 
(C=N); mlz (LSIMS) 356.0907 [(M+Ht, C2oH22NSe requires 356.0912], 355 (79%), 314 
(37),260 (68),232 (100), 214 (50). 
261: vmax(neat)/cm-1 3059 (ArC-H), 2934, 2864 (Sp3 C-H), 1588, 1423 (Ar C=C), 763, 746 
(Ar); oH(400 MHz) 1.87-1.93 (4 H, m, 8, 9-H), 2.62 (3 H, s, CH3), 2.73-2.76 (2 H, m, 7- or 
IO-H), 3.06-3.08 (2 H, m, 7- or IO-H), 7.45 (1 H, ddd, J= 8.3,6.9, 1.0,2- or 3-H), 7.59 (1 H, 
ddd, J= 8.3, 6.9, 1.2,2- or3-H), 7.87 ( 1 H, dd, J= 8.3, 1.2, 1- or 4-H), 7.98 (l H, dd, J= 8.3, 
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1.0, 1- or 4-H); 3c 22.00, 22.51 (8, 9-C), 23.33 (CH3), 25.48, 26.79 (7, lO-C), 122.40, 125.43 
(ArCH), 126.70 (ArC), 127.96, 128.80 (ArCH), 128.91, 141.09, 145.30, 158.64 (ArC); rnJz 
(ESI) 198.1279 [(M+Ht, C14H22N requires 198.1277], 197 (100%), 182 (30), 169 (58), 77 
(20). 
Cyclisation of (Z)-phenyl N-2-(prop-l-en-2-yl)phenylethaneselenoimidate 256a 
~sePh UN~ ~ UN~ 
2S6a 2S9a 
Tributyltin hydride (0.81 mL, 3.02 mmol) was added to a solution of (Z)-phenyl N-2-(prop-l-
en-2-yl)phenylethaneselenoimidate 256a (0.43 g, 1.37 mmol) in anhydrous toluene (40 mL). 
Triethylborane (3 x 2.75 mL, 3 x 2.75 mmol) was added in three portions during 48 h while 
the mixture was stirred at room temperature. The solution was deoxygenated before each 
addition and oxygen was let into the reaction mixture after each addition through a needle. 
The solvent was removed under reduced pressure. The resulting oil was partially purified by 
column chromatography to give an orange oil. This was dissolved in DCM and extracted with 
a strong aqueous HCI solution. A strong aqueous NaOH solution was added to the aqueous 
layer until the solution was basic and extracted several times with DCM. The solvent was 
evaporated under reduced pressure to give 2,4-dimethylquinoline 259a 160 (0.17 g, 80%) as a 
clear oil. vmax(neat)/cm-1 3059 (ArC-H), 2953, 2920 (Sp3 C-H), 1617, 1603 (ArC-C), 859 (Ar); 
3H(250 MHz) 2.68 (3 H, s, 4-CH3), 2.71 (3 H, s, 2-CH3), 7.16 (1 H, s, 3-H), 7.51 (1 H, m, Ar-
H), 7.68 (1 H, m, Ar-H), 7.96 (1 H, dd, J= 8.2, 1.0, Ar-H), 8.05 (1 H, d, J= 7.7, Ar-H); 3c 
18.69 (4-CH3), 25.03 (2-CH3), 122.79, 123.65, 125.60 (ArCH), 126.58 (ArC), 128.81, 129.35 
(ArCH), 144.71, 147.27, 158.57 (ArC); mlz (El) 157.0891 (M+ Cl1Hl1N requires 157.0891) 
158 (14%), 157 (100), 156 (11), 142 (6), 116 (5), 115 (13), 77 (6). 
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CycIisation of (Z)-phenyl 4-methyl-N-[2-(prop-l-en-2-yl)phenyl]benzoselenoimidate 
256b 
~sePh UN~ 
25.'~-~ 
Tributyltin hydride (0.30 mL, 1.13 nunol) was added to a solution of (Z)-phenyl 4-methyl-N-
[2-(prop-l-en-2-yl)phenyl]benzoselenoimidate 256b (0.20 g, 0.51 mmol) in anhydrous 
toluene (40 mL). Triethylborane (3 x 1.03 mL, 3 x 1.03 mrnol) was added in three portions 
during 48 h while the mixture stirred at room temperature; the solution was deoxygenated 
before each addition and oxygen was let into the reaction mixture after each addition through 
a needle. The solvent was removed under reduced pressure. The resulting oil was partially 
purified by column chromatography to yield an orange oil that crystallised to give yellow 
needles. This solid was washed with light petroleum to yield 4-methyl-2-(p-tolyl)quinoline 
259b (0.087 g, 73%) as a colourless solid, mp 56-60 QC. vrnax(neat)/cm- I 3058 (ArC-H), 2918 
(Sp3 C-H), 1598, 1549 (ArC-C), 820, 757 (Ar); 8H(250 MHz) 2.43 (3 H, s, tol-CH3), 2.76 (3 
H, d, J 0.85, 4-CH3), 7.33 (2 H, m, Ar-H), 7.53 (1 H, m, Ar-H), 7.70 (2 H, m, Ar-H), 7.98 (1 
H, dd, J = 7.4, 1.35, Ar-H), 8.06 (2 H, m, Ar-H), 8.16 (1 H, d, J = 8.4, Ar-H); Dc 19.05 (CH3), 
21.35 (CH3), 119.615, 123.59, 125.82 (ArCH), 127.17 (ArC), 127.38, 129.25, 129.51, 
130.195 (ArCH), 136.985, 139.24, 144.63, 148.13, 157.04 (ArC); mlz (El) 233.1205 (~ 
C17HI5N requires 233.1204) 234 (19%), 233 (100),232 (20), 218 (31), 217 (14), 115 (8), 108 
(8). 
CycIisation of (Z)-phenyI4-methyl-N-[2-(pent-2-en-3-yl)phenyl]benzoselenoimidate 257 
cC~ I h- N~sePh 
If ~ 
257 _ 
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Tributyltin hydride (0.16 mL, 0.59 mmol) was added to a solution of (Z)-phenyl 4-methyl-N-
[2-(pent-2-en-3-yl)phenyl]benzoselenoimidate 257 (0.11 g, 0.27 mmol) in anhydrous toluene 
(40 mL). Triethylborane (4 x 0.54 mL, 4 x 0.54 mmol) was added in four portions during 48 h 
while the mixture stirred at room temperature; the solution was deoxygenated before each 
addition and oxygen was let into the reaction mixture after each addition through a needle. 
The solvent was removed under reduced pressure, and the resulting crude product was 
purified using column chromatography to give 4-ethyl-3-methyl-2-p-tolylquinoline 260 
(0.053 g, 76%) as colourless crystals, mp 77-79 QC. vmax(neat)/cm-I 3057 (ArC-H), 2968, 
2870 (Sp3 C-H), 1576, 1498, 1006 (Ar C=C), 760, 731 (Ar); OH( 400 MHz) 1.31 (3 H, t, J = 
7.6, CH2CH3), 2.40 (3 H, s, Ar-CH3), 2.42 (3 H, s, Ar-CH3), 3.16 (2 H, q, J= 7.6, CH2CH3), 
7.27-7.29 (2 H, m, toluoyl-H), 7.42-7.45 (2 H, m, toluoyl-H), 7.52 (1 H, ddd, J = 8.4, 7.2, 1.6, 
quinoline 6- or 7-H), 7.63 (1 H, ddd, J = 8.4, 6.8, 1.6, quinoline 6- or 7-H), 8.02 (1 H, dd, J = 
7.2, 1.6, quinoline 5- or 8-H), 8.11 (1 H, ddd, J = 6.8, 1.6, 0.4, quinoline 5- or 8-H); Oc 13.84, 
16.76, 21.34 (CH3), 21.86 (CH2), 123.21, 126.10 (ArCH), 126.15, 126.24 (ArC), 128.15, 
128.87 (2 C), 128.92 (2 C), 130.32 (ArCH), 137.64, 139.07, 146.42, 147.68, 160.94 (ArC); 
m/z (El) 262.1594 [(M+Ht, CI9H20N requires 262.1590], 261 (36%), 260 (100), 250 (21), 
230 (19). 
Cyclisation of (Z)-phenyl N-2-cyclohexenylphenylethaneselenoimidate 258 
09:::-.. I" SePh // N==\ 
258 263 261 
(Z)-Phenyl N-2-cyclohexenylphenylethaneselenoimidate 258 (0.40 g, 1.12 mmol) and 
tributyltin hydride (0.66 mL, 2.47 mmol) were dissolved in toluene (20 mL) and the solution 
was flushed with nitrogen for 15 min. Triethylborane (11.20 mL, 11.20 mmol) was added and 
the reaction mixture was stirred for 24 h, allowing oxygen to bleed in through a needle. The 
solution was evaporated under reduced pressure. TLC and IH NMR spectroscopic analysis 
revealed a complex mixture of products. Column chromatography resulted in the isolation of 
a 1:2 mixture (approximately 26% total yield) containing quinoline 261, and another product 
which was believed to be the spiro-compound 263 (from IH NMR spectroscopic analysis) 
respectively, but full characterisation has not been possible due to the products not being 
separable. 
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6.4. Experimental for chapter 4 
Synthesis of N-(2-iodophenyl)-2-phenylacetamide 271 
---..~ ~I 9 ~ ~N~ 
H 
271 
o-Iodoaniline (0.50 g, 2.28 mmol) was dissolved in THF (50 mL), followed by addition of 
triethylamine (0.70 mL, 5.02 mmol), 4-(dimethylamino)pyridine (0.02g, 0.23 mmol) and 
finally phenylacetyl chloride (0.61 mL, 4.57 mmol). The reaction mixture was stirred 
overnight and evaporated under reduced pressure. The residue was dissolved in ethyl acetate, 
washed with dilute aqueous HCI, saturated NaHC03 solution and brine, dried and evaporated 
under reduced pressure. Recrystallisation in ethyl acetate gave N-(2-iodophenyl)-2-
phenylacetamide 271 (0.48 g, 63%) as colourless crystals, mp 135-136 QC. (Found: C, 49.65; 
H, 3.38, N, 4.19. C14HulNO requires C, 49.87; H, 3.59; N, 4.15%); vrnax(neat)/cm-1 3421 (N-
H), 1652, 1634 (C=O), 750, 696 (Ar); DH(250 MHz) 3.80 (2 H, s, CH2), 6.80 (1 H, dt, J= 7.4, 
1.7, Ar 4-H), 7.32-7.45 (7 H, m, ArH and NH), 7.69 (1 H, dd, J= 7.9, 1.7, Ar 3- or 6-H), 8.27 
Cl H, bd, J= 7.4 Ar 3- or 6-H); Dc 45.21 (CH2), 89.18 (C-I), 121.44, 125.92, 127.94, 129.18 
(ArCH), 129.46 (Ph 3, 5-C), 130.09 (Ph 2, 6-C), 133.93, 138.07, 138.79 (ArC), 169.31 
(C=O); mlz (El) 355.0301 [(M+NRtt, C14H16IN20 requires 355.0302], 355 (60%), 229 
(100),212 (70). 
Synthesis of N-(2-iodophenyl)-2-phenylpropanamide 272 
272 
Using oxalyl chloride 
2-Phenylpropionic acid (3.28 mL, 24.00 mmol) was dissolved in DCM (40 mL) followed by 
addition of 5 drops of DMF and oxalyl chloride (3.38 mL, 40.00 mmol). The reaction was 
stirred for 2 h at room temperature until gas was no longer evolved. The reaction mixture was 
evaporated under reduced pressure and the resulting residue was dissolved in DCM followed 
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by addition of triethylamine (3.90 mL, 28.00 mmol), 4-(dimethylamino)pyridine (0.24 g, 2.00 
mmol) and o-iodoaniline (4.38 g, 20.00 mmol). The solution was stirred overnight at room 
temperature, taken up in ethyl acetate, washed with dilute aqueous HCI, saturated NaHC03 
solution and brine, dried and evaporated under reduced pressure. The resulting residue was 
recrystallised in ethyl acetate giving N-(2-iodophenyl)-2-phenylpropanamide 272 (5.64 g, 
80%) as colourless crystals, mp 98-100 QC. (Found: C, 51.37; H, 3.84; N, 4.01. CIsHI4INO 
requires C, 51.30; H, 4.02; N, 3.99%); vmax(neat)/cm-I 3273 (N-H) , 2973 (Sp3 C-H), 1682 
(C=O), 750, 699 (Ar); oH(250 MHz) 1.66 (3 H, d, J = 7.2, CHCH3), 3.80 (1 H, q, J = 7.2, 
CHCH3), 6.78 (1 H, dt, J= 7.6, 1.5, Ar 4-H), 7.27-7.43 (7 H, m, ArH and NH), 7.67 (1 H, dd, 
J = 8.1, 1.5, Ar-H), 8.25 (1 H, dd, J = 8.1, 1.2, Ar-H); Oc 17.97 (CH3), 48.42 (CH), 89.35 
(ArC-I), 121.42, 125.77, 127.85, 128.20, 129.17, 127.37 (ArCH), 138.22 (ArC), 138.76 
(ArCH), 140.31 (ArC), 172.60 (C=O); mlz (El) 369.0456 [(M+NH4t, CIsHI8IN20 requires 
369.0458],369 (80%), 243 (100). 
UsingDCC 
2-Phenylpropionic acid (3.28 mL, 24.00 mmol), o-iodoaniline (4.38 g, 20.00 mmol), 
dicyclohexyl carbodiimide (5.78 g, 28.00 mmol) and I-hydroxybenzotriazole monohydrate 
(0.27 g, 2.00 mmol) were dissolved in DCM and stirred for 18 h at room temperature. The 
reaction mixture was filtered through celite, washed with saturated NaHC03 solution, dilute 
aqueous HCI and brine, dried and evaporated under reduced pressure. The residue was 
purified by column chromatography followed by recrystallisation in ethyl acetate giving N-(2-
iodophenyl)-2-phenylpropanamide 272 (0.88 g, 13%) as colourless crystals. 
General procedure for the coupling of aryl iodides with terminal alkynes (standard 
Sonogashira coupling conditions). 
The aryl iodide (8.00 mmol) and triethylamine (4.46 mL, 32.00 mmol) were dissolved in 
DMF (50 mL) and the solution was flushed with nitrogen for 15 min. 
Bis(triphenylphosphine )palladium dichloride (0.28 g, 0.40 mmol) and copper iodide (0.15 g, 
0.80 mmol) were added, followed by stirring for 1 h. Drop wise addition of the terminal 
alkyne (12.00 mmol) at 0 QC (-78 QC for propyne, which was added from a gas canister via a 
tube and needle) over 5 min was followed by stirring overnight at room temperature. The 
reaction mixture was taken up in ethyl acetate, washed with water once and brine four times, 
dried and evaporated under reduced pressure. Purification by column chromatography 
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followed by recrystallisation in ethyl acetate if applicable gave the desired cross-coupled 
product. 
Synthesis of 2-phenyl-N-[2-(2-phenylethynyl)phenyl] acetamide 273a 
CC~IQ 0 ~ NJVV 
H 
271 273a 
Standard Sonogashira coupling conditions were employed using N-(2-iodophenyl)-2-
phenylacetamide 271 (1.01 g, 3.00 mmol) and phenyl acetylene (0.49 mL, 4.50 mrnol). This 
gave 2-phenyl-N-[2-(2-phenylethynyl)phenyl]acetarnide 273a (0.80 g, 86%) as colourless 
crystals, mp 123-124 QC. vmax(neat)/cm- I 3297 (N-H), 3054, 3027 (ArC-H), 1663 (C=O), 755, 
687 (Ar); DH(250 MHz) 3.79 (2 H, s, CH2), 7.01-7.08 (2 H, m, 2, 6-Ph-H), 7.12-7.18 (2 H, rn, 
3,5 Ph-H), 7.29-7.44 (9 H, rn, Ar-H), 7.96 (1 H, bs, NH), 8.45 (1 H, bd, J = 8.4, Ar-H); Dc 
45.42 (CH2), 83.66 (alkyne C), 95.96 (alkyne C), 112.06 (ArC), 119.35 (ArCH), 122.26 
(ArC), 123.54, 127.66, 128.31, 128.87, 129.20, 129.51, 129.66, 131.82, 131.90 (ArCH), 
133.93, 138.73 (ArC), 169.21 (C=O); mlz (El) 312.1380 [(M+H/, C22H1sNO requires 
312.1383],312 (100%), 194 (80). 
Synthesis of 2-phenyl-N-[2-(prop-l-ynyl)phenyl] acetamide 273b 
271 273b 
Standard Sonogashira coupling conditions were employed using N-(2-iodophenyl)-2-
phenylacetamide 271 (2.70 g, 8.00 mmol) and propyne (4.50 g, 44.00 rnmol). This gave 2-
phenyl-N-[2-(Prop-1-ynyl)phenyl]acetamide 273b (1.58 g, 79%) as pale green crystals, rnp 
88-89 QC. vmax(neat)/cm- I 3282 (N-H), 3028 (ArC-H), 1653 (C=O), 753, 724, 695 (Ar); 
DH(400 MHz) 1.81 (3 H, s, CH3), 3.81 (2 H, s, CH2), 6.96 (1 H, dt, J= 7.6, 1.2, Ar-H), 7.23-
7.46 (7 H, m, Ar-H), 7.90 (1 H, bs, NH), 8.41-8.45 (1 H, m, Ar-H); Dc 4.44 (CH3), 45.38 
(CH2), 74.47 (alkyne C), 92.96 (alkyne C), 112.64 (ArC), 118.80, 123.33, 127.73, 128.78, 
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129.21, 130.03, 131.56 (ArCH), 134.15, 138.72 (ArC), 167.17 (C=O); m1z (El) 250.1227 
[(M+Ht, C17H16NO requires 250.1226], 249 (35%), 131 (79), 91 (100), 77 (52). 
Synthesis of 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propanamide 274a 
o1~Ph I~ \O~I A N ~ 
H 
272 274a 
Standard Sonogashira coupling conditions were employed using N-(2-iodophenyl)-2-
phenylpropanamide 272 (2.81 g, 8.00 mmol) and phenyl acetylene (1.32 mL, 12.00 mmol). 
This gave 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propanamide 274a (2.10 g, 81%) as 
colourless crystals, mp 83-84 QC. (Found: C, 84.62; H, 5.75; N, 4.34. C23H19NO requires C, 
84.89; H, 5.89; N, 4.30%); vrnax(neat)/Cmol 3372 (N-H), 3059 (ArC-H), 2974 (Sp3 C-H), 1700, 
1684 (C=O), 754, 700 (Ar); oH(250 MHz) 1.62 (3 H, d, J = 7.2, CH3), 3.79 (1 H, q, J = 7.2, 
CH), 7.03 (1 H, dt,J= 7.6,1.2, ArH), 7.10-7.23 (3 H, m, ArH), 7.30-7.43 (9 H, m, ArH), 7.96 
(1 H, bs, NH), 8.46 (1 H, bd, J = 8.1, ArH); Qc 18.46 (CH3), 48.56 (CH), 83.83 (alkyne C), 
96.02 (alkyne C), 111.88 (ArC), 119.12 (ArCH), 122.29 (ArC), 123.29, 127.57, 127.68, 
128.35, 128.85, 129.15, 129.68, 131.73, 131.74 (ArCH), 138.99, 140.63 (ArC), 172.33 
(C=O); m1z (El) 326.1538 [(M+Ht, C23H20NO requires 326.1539],326 (100%), 194 (30). 
Synthesis of 2-phenyl-N-[2-(prop-l-ynyl)phenyl]propanamide 274b 
272 274b 
Standard Sonogashira coupling conditions were employed using N-(2-iodophenyl)-2-
phenylpropanamide 272 (2.81 g, 8.00 mmol) and propyne (5.10 g, 50.00 mmol). This gave 2-
phenyl-N-[2-(prop-l-ynyl)phenyl]propanamide 274b (1.58 g, 75%) as pale brown crystals, 
mp 97 QC. vrnax(neat)/cmol 3346 (N-H) , 3064, 3031 (ArC-H), 2885, 2933 (Sp3 C-H), 1672 
(C=O), 758 (Ar); oH(400 MHz) 1.64 (3 H, d,J= 7.2, CHCH3), 1.86 (3 H, s, C=CCH3), 3.80 (1 
H, q, J= 7.2, CHCH3), 6.95 (1 H, dt, J= 7.6,1.1, Ar 4-H), 7.23-7.27 (2 H, m, ArH), 7.31-
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7.34 (1 H, m, ArH), 7.38-7.43 (4 H, m, ArH), 7.89 (1 H, bs, NH), 8.40-8.42 (1 H, m, ArH); Dc 
4.4 (C=CCHJ), 18.3 (CHCHJ), 48.5 (CHCHJ), 74.6, 92.9 (alkyne C), 112.6 (ArC), 118.7, 
123.1,127.6,128.1,128.8,129.1, l31.5 (ArCH), l39.0, 140.7 (ArC), 172.4 (C=O); rnJz (El) 
264.l381 [(M+Ht, C)8H)8NO requires 264.1383], 263 (18%), l30 (50), 105 (95), 77 (100). 
Synthesis of N-[2-(3-hydroxyprop-l-ynyJ)phenyJ]-2-phenyJpropanamide 274c 
272 274c 
Standard Sonogashira coupling conditions were employed usmg N-(2-iodophenyl)-2-
phenylpropanamide 272 (2.81 g, 8.00 mmol) and propargyl alcohol (0.70 mL, 12.00 mmol). 
This gave N-[2-(3-hydroxyprop-l-ynyl)phenyl]-2-phenylpropanamide 274c (1.84 g, 82%) as 
brown crystals, mp 83-84 QC. vmax(neat)/cm·) 3362 (OH), 3061, 3028 (ArC-H), 2977, 2933 
(spJ C-H), 1679 (C=O), 758, 701 (Ar); DH(400 MHz) 1.47 (1 H, t, J = 6.4, OH), 1.63 (3 H, d, J 
= 7.2, CHJ), 3.81 (1 H, q, J = 7.2, CH), 4.25 (2 H, d, J = 6.4, CH2), 6.98 (1 H, dt, J = 7.6, 1.1, 
Ar-H), 7.29-7.45 (7 H, m, Ar-H), 7.81 (1 H, bs, NH), 8.42 (1 H, d, J = 8.2, Ar-H); Dc 18.3 
(CHJ), 48.5 (CH), 51.2 (CH20H), 80.3, 94.3 (alkyne C), 111.2 (ArC-C=C), 119.1, 123.3, 
127.6, 128.3, 129.2, 129.9, 131.8 (ArCH), 139.l, 140.8 (ArC), 172.4 (C=O); mlz (El) 
297.1602 [(M+NH4t, C)8H2)N202 requires 297.1598], 279 (26%), 147 (51), l30 (20), 117 
(30), 105 (100),91 (42), 77 (88). 
Synthesis of 3-[2-(2-phenylpropanamido )phenyl]prop-2-ynyl acetate 274d 
274c 274d 
N-[2-(3-Hydroxyprop-l-ynyl)phenyl]-2-phenylpropanamide 274c (1.01 g, 3.62 mmol) and 4-
dimethylaminopyridine (0.04 g, 0.36 mmol) were dissolved in anhydrous DCM (40 mL) 
followed by addition of acetic anhydride (0.44 mL, 4.70 mmol) and triethylamine (0.66 mL, 
4.70 mmol). The reaction was stirred for 4 h at room temperature, diluted with DCM and 
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washed with dilute aqueous HCI, saturated NaHC03 solution and brine. The organic phase 
was dried and evaporated under reduced pressure. Purification using column chromatography 
resulted in 3-[2-(2-phenylpropanamido)phenyl]prop-2-ynyl acetate 274d (1.10 g, 95%) as a 
brown oil. vrnax(neat)/cm- I 3367 (N-H), 3060, 3027 (ArC-H), 2976, 2934 (Sp3 C-H), 1743 
(C02R), 1694 (CONH), 758, 701 (Ar); oH(400 MHz) 1.63 (3 H, d, J= 7.2, CHCH3), 2.15 (3 
H, s, COCH3), 3.87 (1 H, d, J = 7.2, CHCH3), 4.71 (2 H, s, CH20), 6.98 (1 H, m, Ar-H), 7.30-
7.45 (7 H, m, Ar-H), 7.91 (1 H, bs, NH), 8.42-8.44 (1 H, m, Ar-H); Oc 18.41,20.85 (COCH3 
and CHCH3), 48.23 (CHCH3), 52.59 (CH20), 81.46, 90.06 (alkyne C), 110.58 (ArC), 119.10, 
123.19, 127.55 (ArCH), 128.03, 129.06 (PhCH), 130.30, 131.99 (ArCH), 139.76, 140.83 
(ArC), 170.38, 172.63 (C02R and CONH); mlz (ES) 339.1705 [(M+NH4t, C2oH23N203 
requires 339.1703],339 (55%), 322 (34),281 (30),264 (100), 77 (38). 
Syntesis of 2-phenyl-N-{2-[2-( trimethylsilyl)ethynyl] phenyl} propanamide 27 4e 
272 274e 
Standard Sonogashira coupling conditions were employed using N-(2-iodophenyl)-2-
phenylpropanamide 272 (4.21 g, 12.00 mmol) and ethynyltrimethylsilane (2.54 mL, 18.00 
mmol). This gave 2-phenyl-N-{2-[2-(trimethylsilyl)ethynyl]phenyl} propanamide 274e (3.57 
g, 92%) as brown crystals, mp 51-52°C. vrnax(neat)/cm- I 3379 (N-H), 3062, 3028 (ArC-H), 
2961,2898 (Sp3 C-H), 2151 (alkyne), 1702 (C=O), 758, 700 (Ar); oH(400 MHz) 0.26 (9 H, S, 
Si(CH3)3, 1.61 (3 H, d, J= 7.1 CHCH3), 3.73 (1 H, q, J= 7.1, CHCH3), 6.98 (1 H, dt, J= 7.6, 
1.2, Ar-H), 7.26-7.38 (7 H, m, Ar-H), 8.00 (1 H, bs, NH), 8.43 (1 H, d, J= 8.4, Ar-H); Oc 0.2 
[Si(CH3)J], 18.7 (CHCH3), 48.7 (CHCH3), 100.0, 101.9 (alkyne C), 111.6 (ArC), 118.9, 
123.1, 127.5 (2 C), 129.1, 129.9, 131.9 (ArCH), 139.4, 140.9 (ArC), 172.1 (C=O); mlz (El) 
322.1625 [(M+Ht, C2oH24NOSi requires 322.1622], 321 (15%), 189 (25), 158 (42), 105 
(100), 77 (47). 
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Synthesis of N-(2-etbynylphenyl)-2-pbenylpropanamide 274f 
274e 274f 
2-Phenyl-N-{2-[2-(trimethylsilyl)ethynyl]phenyl}propanamide 274e (1.93 g, 6.00 mmol) was 
dissolved in methanol (30 mL) and anhydrous K2C03 (0.08 g, 0.60 mmol) was added, 
followed by stirring for 30 min at room temperature. The mixture was evaporated under 
reduced pressure and the resulting residue was dissolved in DCM, washed with water and the 
organic phase was dried and evaporated under reduced pressure. Purification using column 
chromatography gave N-(2-ethynylphenyl)-2-phenylpropanamide 274f (1.41 g, 94%) as a 
yellow oil which turned dark brown upon standing. vrnax(neat)/cm-1 3361 (N-H), 3293 (C=C-
H), 3061, 3028 (ArC-H), 2978, 2934 (Sp3 C-H), 1692 (C=O), 757, 701 (Ar); DH(400 MHz) 
1.65 (3 H, d,J= 7.2, CHCH3), 3.06 (1 H, s, C=CH), 3.80 (1 H, q, J= 7.2, CHCH3), 6.98 (1 H, 
dt, J= 7.6,1.1, Ar-H), 7.31-7.35 (3 H, m, Ar-H), 7.38-7.41 (4 H, m, Ar-H), 7.93 (1 H, bs, 
NH), 8.42 (1 H, bd, J = 8.1, Ar-H); Dc 18.0 (CH3), 48.5 (CHCH3), 78.5 (C=CH), 84.0 
(C=CH), 110.6 (ArC), 118.9, 123.2, 127.6, 128.2, 129.3, 130.2, 131.8 (ArCH), 139.7, 140.4 
(ArC), 172.5 (C=O); m1z (El) 250.1228 [(M+Ht, C17HI6NO requires 250.1226], 249 (5%), 
143 (5), 116 (32), 105 (lOO), 77 (54). 
Synthesis of methyl 3-(2-aminophenyl)propiolate 275116 
Zinc chloride (2.45 g, 18.00 mmol) and triethylamine (10.0 mL, 72.0 mmol) were dissolved in 
THF (100 mL), and the mixture was flushed with nitrogen for 20 min. o-Iodoaniline (3.29 g, 
15.00 mmol), methyl propiolate (1.60 mL, 18.00 mmol) and PdCh(PPh3)2 (0.53 g, 0.75 
mmol) were added and the reaction was heated under reflux for 5 h. After cooling to room 
temperature the mixture was evaporated under reduced pressure, the residue dissolved in 
DCM, washed with water and brine, dried and evaporated under reduced pressure. 
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Purification using column chromatography gave methyl 3-(2-aminophenyl)propiolate 275 161 
(0.24 g, 9%) as dark brown crystals, mp 71-72 °C (lit.,161 70-72 DC). vmax(neat)/cm-1 3459, 
3364 (primary N-H), 3029 (ArC-H), 2951 (Sp3 C-H), 2210 (alkyne), 1700, 1617 (C=O), 750 
(o-subst. benzene); oH(400 MHz) 3.84 (3 H, s, C02CH3), 4.40 (2 H, bs, NH2), 6.67-6.71 (2 H, 
m, Ar-H), 7.22 (1 H, ddd, J = 8.9, 7.8, 1.6, Ar 4- or 5-H), 7.37-7.39 (1 H, m, Ar 3-H); Oc 
52.77 (C02CH3), 84.37 (alkyne C), 86.29 (alkyne C), 103.22 (Ar 2-C), 114.57, 117.89, 
132.45, 133.79 (ArCH), 150.22 (Ar I-C), 154.64 (C02CH3); mlz (El) 176 (100%),165 (35), 
148 (30). 
This reaction was repeated using anhydrous 99.999% ZnBr2 in place of ZnCh, however none 
of the desired product 275 could be isolated in this experiment. 
Synthesis of mcthyI3-[2-(2-phenylpropanamido )phenyl]propiolate 274g 
Route A:1l4 
274c 2749 
N-[2-(3-Hydroxyprop-l-ynyl)phenyl]-2-phenylpropanamide 274c (1.40 g, 5 mmol) was 
dissolved in THF (50 mL) and NaCN (0.25 g, 5 mmol), Mn02 (6.52 g, 75 mmol) and 
methanol (1.01 mL, 25 mmol) were added followed by heating at reflux overnight. The 
reaction mixture was filtered through celite and the filtrate was evaporated under reduced 
pressure. The resulting residue was taken up in DCM, washed twice with water and once with 
brine and the organic phase was dried and evaporated to dryness. TLC analysis of the crude 
mixture revealed a multitude of products and column chromatography did not result in the 
isolation ofmethyI3-[2-(2-phenylpropanamido)phenyl] propiolate 274g. 
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Route B:1I5 
272 
~/ .. 7 
274g 
N-(2-Iodophenyl)-2-phenylpropanamide 272 (0.70 g, 2.00 nunol) and K2C03 (0.83 g, 6.00 
mmol) was suspended in THF (50 mL) and the solution was flushed with argon for 15 min. 
Bis(triphenylphosphine )palladium dichloride (0.07 g, 0.10 mmol) and copper iodide (0.04 g, 
0.20 mmol) were added, followed by stirring for 1 h. Drop wise addition of methyl propiolate 
(0.61 mL, 6.00 nunol) over 5 min was followed by stirring overnight at reflux. The reaction 
mixture was taken up in ethyl acetate, washed with water once and brine four times, dried and 
evaporated under reduced pressure. Methyl 3-[2-(2-phenylpropanamido )phenyl]propiolate 
274g could not be isolated from the reaction mixture. 
Route C: 
275 274g 
2-Phenylpropionic acid (0.23 mL, 1.69 mmol) was dissolved in DCM (15 mL) followed by 
addition of 3 drops of DMF and oxalyl chloride (0.22 mL, 2.60 nunol). The reaction was 
stirred for 2 h at room temperature when gas was no longer evolved. The reaction mixture was 
evaporated under reduced pressure and the resulting residue was dissolved in DCM followed 
by addition of triethylamine (0.27 mL, 1.95 nunol), 4-(dimethylamino)pyridine (0.016 g, 0.13 
nunol) and methyl 3-(2-aminophenyl)propiolate 275 (0.23 g, 1.30 mmol). The solution was 
stirred overnight at room temperature, taken up in ethyl acetate, washed with dilute aqueous 
HCI, saturated NaHC03 solution and brine, dried and evaporated under reduced pressure. 
Purification usmg column chromatography gave methyl 3-[2-(2-
phenylpropanamido)phenyl]propiolate 274g (0.33 g, 83%) as a pale yellow oil. vrnax(neat)/cm-
1 3377 (N-H), 3061, 3028 (ArC-H), 2977, 2952 (Sp3 C-H), 2218 (alkyne), 1712, 1694 (CONH 
6-153 
and C02Me), 757, 700 (Ar); oH(400 MHz) 1.64 (3 H, d, J = 7.2, CHCH3), 3.81 (1 H, q, J = 
7.2, CHCH3), 3.89 (3 H, s, C02CH3), 7.03 (l H, dt, J= 7.7, 1.2, Ar-H), 7.26-7.47 (7 H, m, Ar-
H), 7.84 (1 H, bs, NH), 8.41 (l H, d, J = 8.4, Ar-H); Oc 17.99 (CHCH3), 48.58 (CHCH3), 
53.01 (OCH3), 81.58 (alkyne C), 87.10 (alkyne C), 108.21 (ArC), 119.67, 123.58, 127.72, 
127.79, 129.36, 132.34, 133.20 (ArCH), 140.46, 140.88 (ArC), 153.86 (C02Me), 172.51 
(CONH); mlz (El) 308.1286 [(M+Ht, C19H1SN03 requires 308.1281], 307 (12%),277 (15), 
249 (15), 175 (45), 170 (98), 132 (100), 115 (98). 
Syntbesis of pbenyI2-pbenyl-N-[2-(2-pbenyletbynyl)pbenyl]etbaneselenoimidate 276a 
ccJ~ Ph I ~ J::OePh -?' I.,-::; ~ ~ N 
273a 276a 
Standard selanation conditions were employed using 2-phenyl-N-[2-(2-
phenylethynyl)phenyl]acetamide 273a (1.00 g, 3.21 mmol). This gave phenyI2-phenyl-N-[2-
(2-phenylethynyl)phenyl]ethaneselenoimidate 276a (0.31 g, 22%) as a yellow oil and some 
starting material was recovered (39%). vmax(neat)/cm-1 3056 (ArC-H), 1635 (C=N), 755, 690 
(Ar); oH(250 MHz) 3.88 (2 H, s, benzyl CH2), 6.95-7.22 (9 H, m, Ar-H), 7.30-7.39 (5 H, m, 
Ar-H), 7.43-7.45 (2 H, m, Ar-H), 7.50-7.54 (2 H, m, Ar-H), 7.59 (1 H, dd, J= 7.7, 1.3, Ar-H); 
Oc 46.71 (benzyl-CH2)' 87.13, 93.49 (alkyne C), 113.77 (ArC), 119.45 (2 C, ArCH), 123.56 
(ArC), 124.44, 126.51 (ArCH), 127.16 (ArC), 128.23 (2 C), 128.24 (2 C), 128.33 (2 C), 
128.97 (2 C), 129.16 (2 C), 131.75 (2 C), 133.05 (ArCH), 135.90 (ArC), 137.39 (ArCH), 
152.30 (C-N), 166.93 (C=N); mlz (LSIMS) 452.0908 [(M+Ht, C2sH22NSe requires 
452.0912],452 (100%). 
Syntbesis of (Z)-pbenyl 2-pbenyl-N-[2-(prop-l-ynyl)pbenyl] etbaneselenoimidate 276b 
273b 276b 
6-154 
Standard selanation conditions were employed using 2-phenyl-N-[2-(prop-l-
ynyl)phenyl]acetamide 273b (0.75 g, 3.00 mmol). This gave (Z)-phenyI2-phenyl-N-[2-(prop-
l-ynyl)phenyl]ethaneselenoimidate 276b (0.48 g, 41%) as a yellow oil. vmax(neat)/cm-1 3059, 
3028 (ArC-H), 2914 (Sp3 C-H), 1639 (C=N), 740, 694 (Ar); oH(400 MHz) 2.07 (3 H, s, CH3), 
3.86 (2 H, s, CH2), 6.89-6.91 (1 H, m, Ar-H), 7.05-7.09 (3 H, m, Ar-H), 7.16-7.28 (6 H, m, 
Ar-H), 7.32-7.36 (1 H, m, Ar-H), 7.43-7.45 (3 H, rn, Ar-H); Oc 4.7 (CH3), 46.5 (CH2), 90.1, 
114.6 (alkyne C), 119.2, 124.4, 126.5 (ArCH), 127.3 (ArC), 128.2, 128.3, 128.9, 129.0, 129.1, 
133.0 (ArCH), 136.1 (ArC), 137.4 (ArCH), 144.5, 152.2 (ArC), 169.0 (C=N); m1z (LSIMS) 
390.0751 [(M+Ht, C23H2oNSe requires 390.0755], 389 (2%), 232 (60), 91 (100). 
Synthesis of (Z)-phenyl 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 
277a 
o1~Ph I ~ J:(OePh.y I~ ~ ~ N 
274a 277a 
Standard selanation conditions were employed usmg 2-phenyl-N-[2-(2-
phenylethynyl)phenyl]propanarnide 274a (0.98 g, 3.00 rnmol). This gave (Z)-phenyl 2-
phenyl-N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 277a (0.85 g, 61 %) as a yellow 
oil. vmax(neat)/crn-1 3057 (ArC-H), 2971 (Sp3 C-H), 1628 (C=N), 755, 690 (Ar); oH(250 MHz) 
1.55 (3 H, d,J= 7.0, CH3), 3.92 (1 H, q, J= 7.0, CH), 6.91-6.95 (1 H, rn, Ar-H), 7.00-7.18 (8 
H, m, Ar-H), 7.31-7.36 (7 H, rn, Ar-H), 7.48-7.51 (2 H, m, Ar-H), 7.55-7.58 (1 H, rn, Ar-H); 
Oc 22.43 (CH3), 49.12 (CH), 87.16 (alkyne C), 93.40 (alkyne C), 113.68 (ArC), 119.18 
(ArCH), 123.57 (ArC), 124.26, 126.45 (ArCH), 127.27 (ArC), 127.79, 128.15, 128.30, 
128.31, 128.76, 129.03, 129.07, 131.66, 132.96, 137.41 (ArCH), 142.21, 152.36 (ArC), 
169.68 (C=N); m1z (LSIMS) 466.1063 [(M+Ht, C29H24NSe requires 466.1068], 466 (100%). 
Synthesis of (Z)-phenyI2-phenyl-N-[2-(prop-l-ynyl)phenyl]propaneselenoimidate 277b 
274b 277b 
6-155 
Standard selanation conditions were employed using 2-phenyl-N-[2-(Prop-l-
ynyl)phenyl]propanamide 274b (0.79 g, 3.00 mmol). This gave (Z)-phenyl 2-phenyl-N-[2-
(prop-l-ynyl)phenyl]propaneselenoimidate 277b (0.74 g, 61%) as a yellow oil. vmax(neat)/cm-
1 3059, 3026 (ArC-H), 2972, 2926 (Sp3 C-H), 2240 (alkyne), 1635 (C=N), 741, 695 (Ar); 
DH(400 MHz) 1.52 (3 H, d, J = 7.0, CHCH3), 2.06 (3 H, s, C=CCH3), 3.91 (1 H, q, J = 7.0, 
CHCH3), 6.87 (1 H, dd, J= 8.8,0.9, Ar-H), 7.05 (1 H, dt, J= 7.6, 1.2, Ar-H), 7.09-7.12 (2 H, 
m, Ar-H), 7.17-7.27 (6 H, m, Ar-H), 7.31-7.37 (3 H, m, Ar-H), 7.42 (1 H, dd, J= 7.7, 1.3, Ar-
H); Oc 4.6 (C=CCH3), 22.3 (CHCH3), 49.0 (CHCH3), 90.0, 114.4 (alkyne C), 119.0, 124.1, 
126.4, (ArCH), 127.5 (ArC), 127.9, 128.3 (2 C), 128.8, 129.0, 132.8 (ArCH), 135.8 (ArC), 
137.4 (ArCH), 142.4, 152.4 (ArC), 169.0 (C=N); mlz (LSIMS) 404.0915 [(M+Ht, 
C24H22NSe requires 404.0912], 403 (1%),246 (45), 231 (45), 105 (100), 77 (81). 
Attempted synthesis of (Z)-phenyl N-2-(3-hydroxyprop-l-ynyl)phenyl-2-phenylpropane-
selenoimidate 277c 
274c 
OH 
~ JYOePh~ I ...-:: ~ N 
277c 
Standard selanation conditions were employed using N-[2-(3-hydroxyprop-l-ynyl)phenyl]-2-
phenylpropanamide 274c (0.84 g, 3.00 mmol). The resulting products were purified using 
column chromatography, but imidoyl selanide 277c was not isolated. Apart from starting 
material only a small amount of the propargyl phenyl selanide was detected by IH NMR 
spectroscopic analysis of the crude reaction mixture. 
Synthesis of (Z)-3-{2- [2-phenyl-l-(phenylselanyl)propylideneamino] phenyl} prop-2-ynyl 
acetate 277d 
~ OAc 
JYOePh~ I ...-:: ~ N 
274d 277d 
6-156 
Standard selanation conditions were employed usmg 3-[2-(2-
phenylpropanamido)phenyl]prop-2-ynyl acetate 274d (1.05 g, 3.28 mmol). This gave (Z)-3-
{2-[2-phenyl-l-(phenylselanyl)propylideneamino ]phenyl }prop-2-ynyl acetate 277d (1.08 g, 
71 %) as colourless crystals, mp 73-74 °C. vrnax(neat)/cm- I 3058, 3026 (ArC-H), 2975, 2927 
(Sp3 C-H), 1745 (C=O), 1632 (C=N), 741, 699 (Ar); oH(400 MHz) 1.52 (3 H, d, J = 7.2, 
CHCH3), 2.13 (3 H, s, COCH3), 3.92 (1 H, d, J= 7.2, CHCH3), 4.88 (2 H, m, CH20), 6.89 (1 
H, ddd, J = 8.0, 1.2, 0.4, Ar-H), 7.06-7.10 (3 H, m, Ar-H), 7.19-7.24 (5 H, m, Ar-H), 7.29-
7.39 (4 H, m, Ar-H), 7.47-7.49 (1 H, m, Ar-H); Oc 20.89, 22.16 (CHCl-h and COCH3), 48.87 
(CHCH3), 53.04 (CH20), 84.07, 86.82 (alkyne C), 112.52 (ArC), 119.15, 124.20, 126.61 
(ArCH), 127.26 (ArC), 127.86, 128.28, 128.93, 129.15, 129.62, 133.20, 137.44 (ArCH), 
142.17, 152.75 (ArC), 169.98, 170.34 (C=N and C=O); m/z (LSIMS) 462.0967 [(M+Ht, 
C26H24N02Se requires 462.0967], 462 (35%), 404 (10), 306 (21), 246 (100). 
Synthesis of (Z)-pbenyl 2-pbenyl-N-{2-(2-( trimethylsilyl)etbynyl] pbenyl} propane-
selenoimidate 277e 
I 
c6S< 4fP ~ I '-':: JYOePh 7" I.,,:;:. /. ~ N 
274e 277e 
Standard selanation conditions were employed usmg 2-phenyl-N-{2-[2-
(trimethylsilyl)ethynyl]phenyl} propanamide 274e (0.96 g, 3.00 mmol). This gave (Z)-phenyl 
2-phenyl-N-{2-[2-(trimethylsilyl)ethynyl]-phenyl}propaneselenoimidate 277e (0.60 g, 44%) 
as a yellow oil. vrnax(neat)/cm- I 3059, 3025 (ArC-H), 2959, 2926 (Sp3 C-H), 2156 (alkyne), 
1633 (C=N) , 756, 700 (Ar); oH(400 MHz) 0.28 [9 H, s, Si(CH3)3], 1.53 (3 H, d, J = 7.0, 
CHCH3), 3.89 (1 H, q, J= 7.0, CHCH3), 6.85-6.87 (1 H, m, Ar-H), 7.05-7.08 (3 H, m, Ar-H), 
7.19-7.36 (9 H, m, Ar-H), 7.49-7.52 (1 H, m, Ar-H); Oc 0.15 [Si(CH3)3], 22.05 (CHCH3), 
48.73 (CHCH3), 98.06, 102.26 (alkyne C), 113.44 (ArC), 118.79, 123.96, 126.40 (ArCH), 
127.20 (ArC), 127.67, 128.19, 128.63, 128.91, 129.06, 133.19, 137.15 (ArCH), 142.09, 
152.57 (ArC), 169.37 (C=N); m/z (LSIMS) 462.1155 [(M+Ht, C26H2sNSeSi requires 
462.1151],462 (88%), 306 (lOO). 
6-157 
Synthesis of (Z)-phenyl N-(2-ethynylphenyl)-2-phenylpropaneselenoimidate 277f 
274f 277f 
Standard selanation conditions were employed usmg N-(2-ethynylphenyl)-2-
phenylpropanarnide 274f (0.75 g, 3.00 rnmol). This gave (Z)-phenyl N-(2-ethynylphenyl)-2-
phenylpropaneselenoimidate 277f (0.35 g, 46%) as a yellow oil. vrnax(neat)/cm-1 3285 (C=C-
H), 3059, 3026 (ArC-H), 2975, 2927 (sp3 C-H), 1637 (C=N), 741, 692 (Ar); BH(400 MHz) 
1.52 (3 H, d, J = 7.0, CHCH3), 3.21 (1 H, s, C=CH), 3.92 (1 H, q, J = 7.0, CHCH3), 6.88 (1 H, 
dd, J= 8.0,0.8, Ar-H), 7.04-7.12 (3 H, rn, Ar-H), 7.17-7.22 (5 H, mAr-H), 7.28-7.37 (4 H, 
rn, Ar-H), 7.51 (1 H, dd, J= 8.0, 1.6, Ar-H); Bc 22.2 (CHCH3), 49.0 (CHCH3), 81.3 (C=CH), 
112.6 (C=CH), 119.1, 124.1, 126.5 (ArCH), 127.2 (ArC), 127.9, 128.1, 128.8, 129.1, 124.5, 
133.5 (ArCH), 137.3 (ArC), 137.4 (ArCH), 142.1, 153.0 (ArC), 169.9 (C=N); m1z (LSIMS) 
390.0754 [(M+Ht, C23H2oNSe requires 390.0755], 390 (33%), 234 (100). 
Synthesis of (Z)-methyl 3-[2-[2-phenyl-l-(phenylselanyl)propylideneamino Jphenyl} 
propiolate 277g 
2749 2779 
Standard selanation conditions were employed using methyl 3-[2-(2-
phenylpropanarnido)phenyl]propiolate 274g (0.31 g, 1.00 rnmol). This gave (Z)-methyI3-{2-
[2-phenyl-1-(phenylselanyl)propylideneamino]phenyl}propiolate 277g (0.25 g, 57%) as a 
yellow oil. vrnax(neat)/cm-1 3057, 3024 (ArC-H), 2972, 2926 (Sp3 C-H), 2220 (alkyne), 1707 
(C02Me), 1635 (C=N), 741, 700 (Ar); BH(400 MHz) 1.54 (3 H, d, J= 6.9, CHCH3), 3.86 (3 
H, s, C02CH3), 3.94 (1 H, q, J= 6.9, CHCH3), 6.90-6.93 (l H, m, Ar-H), 7.06-7.23 (8 H, rn, 
Ar-H), 7.31-7.43 (4 H, m, Ar-H), 7.56-7.59 (l H, rn, Ar-H); Bc 21.90 (CHCH3), 49.20 
(CHCH3), 52.71 (C02CH3), 84.23, 84.60 (alkyne C), 109.95 (ArC), 119.34, 124.22, 126.58 
(ArCH), 126.92 (ArC), 127.85, 128.36, 128.95, 129.15, 131.51, 134.20, 137.38 (ArCH), 
6-158 
141.92 (ArC), 154.16, 154.54 (ArC and C02CH3), 171.21 (C=N); rnIz (LSIMS) 448.0812 
[(M+H)\ C2sH22N02Se80 requires 448.0810], 448 (60%), 294 (100). 
Cyclisation of2-phenyl-N-[2-(2-phenylethynyl)phenyl]ethaneselenoimidate 276a 
M::rY) ~ ~N~ 
276a 
Using medium [Bu3SnH] (3 h syringe addition), high [AIBN] 
2-Phenyl-N-[2-(2-phenylethynyl)phenyl]ethaneselenoimidate 276a (300 mg, 0.67 mmol) was 
dissolved in dry toluene (150 mL) and the solution was flushed with nitrogen for 15 min 
followed by heating to reflux. Tributyltin hydride (270 ~L, 1.00 mmol) was dissolved in 
toluene (20 mL) and added over 3 h via a syringe pump. AIBN (109 mg, 0.67 mmol) was 
added portion wise (27 rng) every 45 min (4 portions). The reaction mixture became highly 
fluorescent during the reaction. After 4 h stirring at reflux the reaction mixture was 
evaporated under reduced pressure and the residue was filtered through a silica plug using 
light petroleum followed by ethyl acetate thereby reducing the amount of tributyltin residues 
in the products. A product ratio was determined by IH NMR spectroscopic analysis of the 
crude mixture to be: 278a: by-product 1.7: 1. Unfortunately the by-product could not be 
isolated and characterised. ll-Phenyl-5H-benzo[b]carbazole 278a 162 (64 mg, 33%) was 
purified using column chromatography as highly fluorescent pale yellow crystals, mp 238-241 
°C. (Found: C, 89.79; H, 4.96; N, 4.61. C22H 1sN requires C, 90.07; H, 5.15; N, 4.77%); 
vrnax(neat)!cm-I 3402 (N-H), 3058 (ArC-H), 745, 702 (Ar); oH(250 MHz) 6.86-6.93 (2 H, m, 
Ar-H), 7.24-7.36 (3 H, rn, Ar-H), 7.47-7.51 (3 H, m, Ar-H), 7.59-7.63 (3 H, rn, Ar-H), 7.70-
7.73 (1 H, m, Ar-H), 7.74 (1 H, s, benzocarbazole 6-H), 7.93-7.95 (1 H, m, Ar-H), 7.95 (1 H, 
bs, NH); Oc 104.10 (ArC), 104.79, 109.91, 119.19, 122.72, 123.15 (ArCH), 123.33, 123.64 
(ArC), 125.03, 126.38, 126.94, 127.00 (ArCH), 127.56 (ArC), 127.82, 128.93, 130.17 
(ArCH), 132.60, 133.90, 138.98, 142.22 (ArC); rnIz (El) 294.1280 [(M+Ht, C22HI6N 
requires 294.1277], 293 (100%), 145 (50). 
6-159 
General procedure for tbe radical cascade cyclisation of imidoyl selanides to form 5H-
benzo[b]carbazoles using Et3B initiation (standard cascade cyclisation conditions). 
The imidoyl selanide (0.50 mmol) and tributyltin hydride (0.27 mL, 1.00 mmol) were 
dissolved in toluene (30 mL) and the solution was flushed with nitrogen for 15 min. 
Triethylborane (IM solution in hexanes, 5.00 mL, 5.00 mmol) was added every 24 h 
(preceded by deoxygenation by flushing the solution with nitrogen for 15 min). The reaction 
mixture was stirred until the starting material was consumed (see individual experimental for 
reaction times). Oxygen was allowed to bleed in through a needle throughout. The solution 
was evaporated under reduced pressure. The compounds were isolated using column 
chromato graphy. 
Cyclisation of (Z)-pbenyI2-pbenyl-N-[2-(prop-l-ynyl)pbenyl]etbaneselenoimidate 276b 
~hr-'P • UN~ 
276b 
Standard cascade cyclisation conditions were employed over 48 h using (Z)-phenyl 2-phenyl-
N-[2-(prop-l-ynyl)phenyl]ethaneselenoimidate 276b (0.194 g, 0.50 mmol). Purification using 
column chromatography gave a 2:1 mixture of I1-methyl-5H-benzo[b]carbazole 278b and an 
unidentified by-product. The mixture was dissolved in DCM washed twice with dilute 
aqueous HCI and the organic phase was dried and evaporated to dryness yielding I1-methyl-
5H-benzo[b]carbazole 278b l63 as colourless crystals (17 mg, 15%), mp 231-233 QC (lit.,163 
236 QC). vmax(film)/cm-l 3364 (N-H), 3076, 3048 (ArC-H), 1606, 1453, 1335, 825, 736 (Ar); 
oH(400 MHz) 3.25 (3 H, s, CH3), 7.29 (l H, m, Ar-H), 7.40-7.51 (4 H, m, Ar-H), 7.62 (l H, s, 
6-H), 7.91-7.93 (2 H, m, Ar-H and NH), 8.30-8.33 (l H, m, Ar-H), 8.39 (1 H, bd, J= 7.9, Ar-
H); Oc 15.52 (CH3), 103.36, 109.99, 119.33, 122.53, 123.84, 124.18, 124.83, 126.64 (ArCH), 
127.41 (ArC), 127.52 (ArCH), 129.26, 132.79, 139.06, 142.16 (ArC); mlz (ESI) 232.1120 
[(M+H)\ CI7HI4N requires 232.1121], 231 (100%),218 (14). 
6-160 
Cyclisation of (Z)-phenyl 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 
277a 
cc1~ Ph I ~ xyoePh ' ' I~ ~ ~ N 
277a 279a 
Using low [Bu3SnH] (8 h syringe addition), AIBN 
(Z)-Phenyl 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 277a (0.108 g, 0.20 
mmol) was dissolved in dry toluene (50 mL) and the solution was flushed with nitrogen for 
15 min followed by heating to reflux. Tributyltin hydride (80 ilL, 0.30 mmol) was dissolved 
in toluene (10 mL) and added over 8 h via a syringe pump, while AIBN (50 mg, 0.30 mmol) 
was added portion wise (5 mg) every 30 min (10 portions). After 8 h of stirring at reflux the 
reaction mixture was evaporated under reduced pressure. HPLC analysis revealed a mixture 
of many products and the starting material. 
Using low [Bu3SnH] (6 h syringe addition), low [EhB/02] 
(Z)-Phenyl 2-phenyl-N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 277a (0.279 g, 0.60 
mmol) was dissolved in toluene (120 mL) and the solution was flushed with nitrogen for 15 
min. Triethylborane (0.9 mL, 0.90 mmol) was added in two portions, half at the beginning 
and half after 3 h. Tributyltin hydride (0.19 mL, 0.72 mmol) was dissolved in 20 mL of 
toluene and added drop wise over 6 h using a syringe pump, while air was allowed to bleed 
into the reaction vessel via a needle. The reaction mixture was stirred at room temperature for 
6 h, but had not gone to completion by TLC analysis. Therefore, more triethylborane (0.5 
equiv.) and neat tributyltin hydride (0.2 equiv.) was added and the reaction was left overnight. 
Tributyltin residues were removed using filtration through a plug of silica. TLC and IH NMR 
spectroscopic analysis of the resulting residue revealed a 1: 1 mixture of starting material 277a 
and product 279a. Using column chromatography 6-methyl-11-phenyl-5H-benzo[b ]carbazole 
279a (0.058 g, 31 %) was isolated as brown foam. 
This reaction was carried out again using syringe addition of O2 in the form of air, but this 
resulted in reduced yields (20% and 16% respectively). 
6-161 
Using high [Bu3SnH], high [EhB/02] (02 bleeding in) 
Standard cascade cyclisation conditions were employed over 48 h using (Z)-phenyl 2-phenyl-
N-[2-(2-phenylethynyl)phenyl]propaneselenoimidate 277a (0.120 g, 0.258 mmol). This gave 
6-methyl-ll-phenyl-5H-benzo[b ]carbazole 279a 164 (0.040 g, 55 %) as a brown foam. 
vrnax(neat)/cm-1 3429 (N-H), 3058 (ArC-H), 2922 (Sp3 C-H), 750, 701 (Ar); oH(250 MHz) 2.87 
(3 H, s, CH3), 6.82-6.93 (2 H, m, Ar-H), 7.28-7.38 (4 H, m, Ar-H), 7.47-7.65 (5 H, m, Ar-H), 
7.75 (1 H, ddd, J = 8.6, 1.3, 0.7), 7.93 (1 H, bs, NH), 8.14-8.19 (1 H, m, Ar-H); Oc 12.90 
(CH3), 110.03 (ArCH), 110.68 (ArC), 119.18, 122.32, 122.75 (ArCH), 123.01 (ArC), 123.24 
(ArCH), 123.90 (ArC), 124.81, 126.94, 127.00, 127.72, 128.91, 130.42 (ArCH), 130.87, 
131.90, 137.77, 139.25, 140.18, 142.20 (ArC); mlz (El) 308.1423 [(M+Ht, C23H1sN requires 
308.1434],307 (100%), 230 (20), 146 (53), 77 (19). 
Cyclisation of (Z)-phenyI2-phenyl-N-[2-(prop-l-ynyl)phenyl]propaneselenoimidate 277b 
277b 27gb 
Standard cascade cyclisation conditions were employed over 48 h using (Z)-phenyI2-phenyl-
N-[2-(prop-l-ynyl)phenyl]propaneselenoirnidate 277b (0.20 g, 0.50 mmol). This gave 6,11-
dimethyl-5H-benzo[b]carbazole 279b 165 (0.066 g, 54 %) as pale green crystals, mp 205-207 
°C (lit.,165 206-210 CC). vmax(neat)/cm-1 3419 (N-H), 3068 (ArC-H), 2922 (Sp3 C-H), 1611, 
1471, 1238, 745 (selected fingerprint); oH(400 MHz) 2.83 (3 H, s, CH3), 3.24 (3 H, s, CH3), 
7.27-7.29 (1 H, m, Ar-H), 7.45-7.50 (3 H, rn, Ar-H), 7.55-7.57 (1 H, m, Ar-H), 7.88 (1 H, bs, 
NH), 8.14 (1 H, d, J= 8.4, Ar-H), 8.35 (1 H, d, J= 8.4, Ar-H), 8.39 (1 H, d, J= 8.0, Ar-H); Oc 
12.68, 15.44 (CH3), 108.83 (ArC), 110.07, 119.32, 122.10, 123.22, 123.96, 124.58, 124.69 
(ArCH), 124.76 (ArC), 126.57 (ArCH), 126.93, 127.66, 131.10, 137.88, 142.16 (ArC), (1 
ArC peak hidden);mlz (El) 246.1277 [(M+Ht, C1SH16N requires 246.1277], 245 (100%), 
230 (32),215 (10). 
6-162 
Cyclisation of (Z)-3-{2-[2-pbenyl-l-(pbenylselanyl)propylideneamino] pbenyl} prop-2-
ynyl acetate 277d 
4P OAc 
~ePh~1 ~ ~ N 
277d 
Standard cascade cyc1isation conditions were employed over 72 h using (Z)-3-{2-[2-phenyl-l-
(phenylse1anyl)propylideneamino]phenyl}prop-2-ynyl acetate 277d (0.23 g, 0.50 mrnol). 
This gave (6-rnethyl-5H-benzo[b]carbazol-11-yl)methyl acetate 279d (0.060 g, 40%) as 
yellow crystals which decomposed at 175-180 cC. vrnax(neat)/cm- I 3368 (N-H), 2923 (Sp3 C-
H), 1700 (C=O), 740 (Ar); oH(400 MHz) 2.11 (3 H, s, ArCH3), 2.85 (3 H, s, COCH3), 6.22 (2 
H, s, -CH20), 7.25-7.30 (1 H, rn, Ar-H), 7.46-7.59 (4 H, m, Ar-H), 7.97 (1 H, bs, NH), 8.14-
8.17 (1 H, rn, Ar-H), 8.27 (1 H, d, J = 8.0, Ar-H), 8.37 (1 H, d, J = 7.8, Ar-H); Oc 13.04 
(ArCH3), 21.10 (COCH3), 60.29 (CH20), 110.49 (ArCH), 113.08 (ArC), 119.91 (ArCH), 
122.42, 123.02 (ArC), 123.36 (2 C), 123.92, 124.15, 124.91 (ArCH), 124.98 (ArC), 127.53 
(ArCH), 127.79, 130.97, 137.84, 142.37 (ArC), 171.69 (C=O); mlz (El) 303.1254 [M+, 
C2oH17N02 requires 303.1254], 303 (45%),244 (lOO). 
Cyclisation of (Z)-pbenyl 
propaneselenoimidate 277e 
277e 
2-pbenyl-N-{2-[2-(trimetbylsilyl)etbynyl]-pbenyl} 
N 
H 
R = H 279f 
R = SiMe3 27ge 
+ 
280 
Standard cascade cyclisation conditions were employed over 72 h using (Z)-phenyl 2-phenyl-
N-{2-[2-(trirnethylsilyl)ethynyl]-phenyl}propaneselenoirnidate 277e (0.33 g, 0.72 mmol). 6-
Methyl-ll-(trirnethylsilyl)-5H-benzo[b ]carbazole 27ge could not be isolated. 6-Methyl-5H-
benzo[b]carbazole 279f (0.034 g, 18%) was isolated. Also 2-(1-phenylethyl)-lH-indole-3-
carbaldehyde 280 (0.040 g, 33%) was isolated as colourless crystals, rnp 151-152 cC. 
vrnax(neat)/crn- I 3219 (N-H), 2973 (Sp3 C-H), 1627 (C=O), 748, 698 (Ar); oH(400 MHz) 1.83 
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(3 H, d, J= 7.2, CHCH3), 5.04 (1 H, q, J= 7.2, CHCH3), 7.20-7.38 (8 H, m, Ar-H), 8.24-8.26 
(1 H, m, Ar-H), 8.80 (1 H, bs, NH), 10.28 (1 H, s, CHO); Oc 20.72 (CHCH3), 36.37 (CHCH3), 
111.21 (ArCH), 113.53 (ArC), 121.00, 122.93, 123.58 (ArCH), 126.29 (ArC), 127.43 (Ph 2, 
6-H), 127.46 (ArCH), 129.14 (Ph 3, 5-H), 134.99, 141.62, 153.70 (ArC), 184.63 (CHO); m/z 
(El) 250.1228 [(M+Ht, C17HI6NO requires 250.1226], 249 (100%), 234 (38), 143 (18), 115 
(23), 77 (47). 
Cyclisation of (Z)-phenyl N-(2-ethynylphenyl)-2-phenylpropaneselenoimidate 277f 
277f 
Standard cascade cyclisation conditions were employed over 6 h using (Z)-phenyl N-(2-
ethynylphenyl)-2-phenylpropaneselenoimidate 277f (0.33 g, 0.84 mmol). This gave 6-methyl-
5H-benzo[b]carbazole 279fl66 (0.034 g, 18%) as brown crystals, mp 156-157 QC (lit., 158-160 
QC). vrnax(neat)/cm-1 3427 (N-H), 3054 (ArC-H), 2921 (sp3 C-H), 741 (Ar); oH(400 MHz) 2.82 
(3 H, s, CH3), 7.23-7.27 (1 H, m, Ar-H), 7.39-7.55 (4 H, m, Ar-H), 7.83 (1 H, bs, NH), 8.05 (1 
H, d, J = 8.4, Ar-H), 8.11 (1 H, d, J = 8.4, Ar-H), 8.17 (1 H, d, J = 8.0, Ar-H), 8.43 (1 H, s, 
ll-H); Oc 12.78 (CH3), 110.31 (ArCH), 111.29 (ArC), 116.74, 119.44, 121.12, 122.40, 122.80 
(ArCH), 123.76 (ArC), 124.86 (ArCH), 124.96 (ArC), 127.23 (ArCH), 128.70 (ArC), 129.17 
(ArCH), 131.02, 138.28, 141.95 (ArC); m/z (El) 232.1124 [(M+Ht, C17HI4N requires 
232.1121],231 (100%),216 (3), 202 (15). 
Cyclisation of (Z)-methyl 3-{2-[2-phenyl-l-(phenylselanyl)propylideneamino ]phenyl} 
propiolate 277g 
+ 
277g 279g 281 
Standard cascade cyclisation conditions were employed over 72 h using (Z)-methyl 3-{2-[2-
phenyl-1-(phenylselanyl)propylideneamino]phenyl}propiolate 277g (0.23 g, 0.52 mmol). This 
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gave methyl 6-methyl-5H-benzo[b]carbazole-11-carboxylate 279g (0.028 g, 19%) as yellow 
crystals, mp 207-210 QC, and methyl 2-[2-(1-phenylethyl)-IH-indol-3-yl]acetate 281 (0.043, 
29%) as a brown oil. 
279g: vrnax(neat)/cm-1 3383 (N-H), 3050 (ArC-H), 2927 (Sp3 C-H), 1709 (C=O), 741 (Ar); 
()H(400 MHz) 2.84 (3 H, s, ArCH3), 4.23 (3 H, s, C02CH3), 7.23 (1 H, ddd, J= 8.0, 7.2, 1.2, 
Ar-H), 7.42-7.51 (3 H, mAr-H), 7.53-7.57 (1 H, m, Ar-H), 7.98 (1 H, bs, NH), 8.01 (1 H, bd, 
J= 8.0, Ar-H), 8.10-8.14 (2 H, m, Ar-H); ()c 13.07 (ArCH3), 52.62 (OCH3), 110.50 (ArCH), 
114.22 (ArC), 119.77 (ArCH), 121.20, 121.83, 121.93 (ArC), 122.90, 123.06, 123.69, 125.13 
(ArCH), 125.34 (ArC), 125.56, 127.99 (ArCH), 130.52, 137.56, 142.30 (ArC), 170.26 (C=O); 
mlz (ES) 307.1441 [(M+NH4)+, C19H19N202 requires 307.1441], 289 (25%), 258 (33), 230 
(24), 115 (12). 
281: vrnax(neat)/cm-1 3387 (N-H), 3056, 3025 (ArC-H), 2968, 2949 (Sp3 C-H), 1729 (C=O), 
744,701 (Ar); ()H(400 MHz) 1.71 (3 H, d,J= 7.3, CHCH3), 3.63 (3 H, s, C02CH3), 3.75 (2 H, 
m, CH2C02Me), 4.55 (1 H, q, J= 7.3, CHCH3), 7.08-7.14 (2 H, m, Ar-H), 7.22-7.34 (6 H, m, 
Ar-H), 7.56-7.59 (1 H, m, Ar-H), 7.74 (1 H, bs, NH), ()c 20.26 (CHCH3), 30.24 (CH2C02Me), 
36.05 (C02CH3), 51.96 (CHCH3), 104.11 (ArC), 110.67, 118.47, 119.74, 121.63, 126.74 
(ArCH), 127.37 (Ph 2, 6-H), 128.42 (ArC), 128.72 (Ph 3, 5-H), 135.10, 139.99, 143.30 (ArC), 
172.39 (C=O); mlz (El) 294.1489 [(M+Ht, C19H20N02 requires 294.1489], 293 (25%), 234 
(38), 217 (40), 105 (41), 77 (80), 59 (100). 
Synthesis of 2-(2-phenylethynyl)aniline 296 167 
Standard Sonogashira coupling conditions were employed using o-iodoaniline (3.29 g, 15.00 
mmol) and phenyl acetylene (2.47 mL, 22.50 mmol). This gave 2-(2-phenylethynyl)aniline 
296 (2.47 g, 85%) as colourless crystals, mp 83-86 °C (lit.,167 85-86 QC). vrnax(neat)/cm-1 3460, 
3367 (NH2), 3057 (ArC-H), 2205 (alkyne), 747, 690 (Ar); ()H(400 MHz) 4.28 (2 H, bs, NH2), 
6.70-6.74 (2 H, m, Ar-H), 7.11-7.16 (1 H, m, Ar-H), 7.33-7.38 (4 H, m, Ar-H), 7.52-7.54 (2 
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H, m, Ar-H); Oc 85.87, 94.71 (alkyne C), 107.95 (ArC), 114.35, 118.01 (ArCH), 123.32 
(ArC), 128.24, 128.41, 129.76, 131.49, 132.17 (ArCH), 147.76 (ArC). 
Synthesis of N-[2-(2-pbenylethynyl)phenyl]-2-(thiophen-2-yl)acetamide 297 
ccJ~ Ph I~ ~ n ~ N~S)' 
H 
297 
2-(2-Phenylethynyl)aniline 296 (0.93 g, 4.82 mmol) was dissolved in DCM (30 mL), 
followed by addition of triethylamine (0.81 mL, 5.78 mmol), 4-(dimethylamino)pyridine 
(0.06 g, 0.48 mmol) and finally thiophene-2-acetyl chloride (0.65 mL, 5.30 mmol). The 
reaction mixture was stirred overnight and evaporated under reduced pressure. The residue 
was dissolved in ethyl acetate, washed with dilute aqueous HCI, saturated NaHC03 solution 
and brine, dried and evaporated under reduced pressure. Purification using column 
chromatography gave N-[2-(2-phenylethynyl)phenyl]-2-(thiophen-2-yl)acetamide 297 (0.85 g, 
55%) as colourless crystals, mp 116-117 QC. vmax(neat)/cm-1 3289 (N-H), 3050 (ArC-H), 1663 
(C=O), 755, 687 (Ar); oH(400 MHz) 4.00 (2 H, s, COCH2), 6.68 (1 H, dd, J = 5.2, 3.4, 
thiophene 4-H), 6.98 (1 H, dd, J = 5.2, 1.2, thiophene 3- or 5-H), 6.98-7.00 (1 H, m, Ar-H), 
7.06 (1 H, dt, J= 7.6, 1.2, Ar-H), 7.33-7.45 (7 H, m, Ar-H), 8.21 (1 H, bs, NH), 8.46 (1 H, d, 
J = 8.1, Ar-H); Oc 38.91 (COCfh), 83.62, 95.98 (alkyne C), 112.17 (ArC), 119.32 (ArCH), 
122.32 (ArC), 123.71, 126.05, 127.62, 128.06, 128.32, 128.91, 129.70, 131.91, 131.98 
(ArCH), 135.00, 138.55 (ArC), 168.05 (C=O); mlz (El) 318.0949 [(M+Ht, C2oHl6NOS 
requires 318.0947], 317 (15%),190 (22),165 (65),97 (100). 
Synthesis of (Z)-phenyl N-2-(2-phenylethynyl)phenyl-2-(thiophen-2-
yl)ethaneselenoimidate 298 
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Standard selanation conditions were employed usmg N-[2-(2-phenylethynyl)phenyl]-2-
(thiophen-2-yl)acetamide 297 (0.95 g, 3.00 mmol). This gave (Z)-phenyl N-2-(2-
phenylethynyl)phenyl-2-(thiophen-2-yl)ethaneselenoimidate 298 (0.07 g, 5%) as a yellow oil. 
Due to the small amount of material obtained, 298 was only characterised by IH NMR 
spectroscopy. oH(400 MHz) 4.00 (2 H, s, CH2), 6.75-6.78 (2 H, m, Ar-H), 6.92-6.94 (1 H, m, 
Ar-H), 7.07-7.08 (l H, m, Ar-H), 7.13-7.15 (l H, m, Ar-H), 7.21-7.25 (2 H, m, Ar-H), 7.30-
7.37 (5 H, m, Ar-H), 7.46-7.49 (2 H, m, Ar-H), 7.52 (2 H, d, J= 7.1, Ar-H), 7.57 (1 H, d, J= 
7.6, Ar-H). 
Cyclisation of (Z)-phenyl N-2-(2-phenylethynyl)phenyl-2-(thiophen-2-yl) 
ethaneselenoimidate 298 
Standard cascade cyc1isation conditions were employed over 48 h using (Z)-phenyl N-2-(2-
phenylethynyl)phenyl-2-(thiophen-2-yl)ethaneselenoimidate 298 (0.06 g, 0.13 mmol). None 
of the desired 4-phenyl-9H-thieno[2,3-b ]carbazole 299 could be detected in the complex 
crude mixture. 
Synthesis of N-(2-iodophenyl)-2-(pyridin-4-yl)acetamide 327 
cc~ IW~N .0 ~ I + N 
H 
327 328 
Using oxalyl chloride 
4-Pyridylacetic acid hydrochloride (0.05 g, 0.28 mmol) was dissolved in a minimal amount of 
DMF, followed by addition of DC M (10 mL) and oxalyl chloride (0.05 mL, 0.56 mmol). The 
reaction was stirred for 2 h at room temperature. The reaction mixture was evaporated under 
reduced pressure and the resulting residue was dissolved in DCM followed by addition of 
triethylamine (0.10 mL, 0.73 mmol), 4-(dimethylamino)pyridine (0.005 g, 0.03 mmol) and 0-
iodoaniline (0.061 g, 0.28 mmol). The solution was stirred overnight at room temperature, 
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taken up in ethyl acetate, washed with saturated NaHC03 solution and extracted into dilute 
aqueous HCl. The aqueous phase was basified using aqueous NaOH solution, extracted with 
diethyl ether and the organic phase was dried and evaporated under reduced pressure. None of 
the desired product was detected by IH NMR spectroscopic analysis of the crude residue. 
UsingDCC 
4-Pyridylacetic acid hydrochloride (0.52 g, 3.00 mmol), o-iodoaniline (0.55 g, 2.50 mmol) 
and I-hydroxybenzotriazole monohydrate (0.01 g, 0.1 mmol) were dissolved in DMF:DCM 
(2: 1 V N). Dicyclohexyl carbodiimide (0.72 g, 3.50 mmol) was added, and the solution stirred 
for 3 days at room temperature. The reaction mixture was evaporated under reduced pressure, 
taken up in DCM and extracted into dilute aqueous HCl. The aqueous phase was basified 
using aqueous NaOH solution, extracted with DCM and the organic phase was dried and 
evaporated under reduced pressure. N-(2-Iodophenyl)-2-(pyridin-4-yl)acetamide 327 (0.20 g, 
24%) was isolated using column chromatography as colourless crystals, mp 140-142 QC. The 
product 328 of a reaction between iodoaniline and activated DMF was isolated in 20% yield 
as a colourless oil. 
327: vmax(neat)/cm-I: 3266 (N-H), 3023 (ArC-H), 2974 (Sp3 C-H), 1652 (C=O), 753 (o-subst. 
benzene); DH(400 MHz) 3.79 (2 H, s, CH2), 6.84 (1 H, dt, J = 7.7, 1.5, Ar 4- or 5-H), 7.27-
7.37 (3 H, m, Ar-H and pyridine 3, 5-H), 7.42 (1 H, bs, NH), 7.72 (1 H, dd, J= 8.1, 1.5, Ar-
H), 8.19-8.22 (1 H, m, Ar-H), 8.65-8.67 (2 H, m, pyridine 2, 6-H); Dc 44.27 (CH2), 89.82 
(ArC-I), 121.77, 124.96, 126.39, 129.30 (ArCH), 137.59 (ArC), 138.82 (ArCH), 142.70 
(ArC), 150.59 (ArCH), 167.26 (C=O); rnJz (El) 338.9992 [(M+H)+, C13H12IN20 requires 
338.9989],338 (5%), 219 (21),211 (72), 120 (22), 92 (100). 
328: vmax(neat)/cm-I: 3047 (ArC-H), 2921 (Sp3 C-H), 1632 (C=N), 1100 (C-N), 753 (Ar); 
DH(400 MHz) 3.03 (3 H, s, CH3), 3.07 (3 H, s, CH3), 6.70 (1 H, m, Ar 4- or 5-H), 6.82 (1 H, 
dd, J= 7.8, 1.5, Ar 3- or 6-H), 7.22 (1 H, m, Ar 4- or 5-H), 7.40 (1 H, s, CH=N), 7.80 (1 H, 
dd, J = 7.8, 1.4, Ar 3-or 6-H); Dc 34.9 (CH3), 40.1 (CH3), 96.9 (ArC-I), 118.9, 123.8, 129.1, 
138.8 (ArCH), 152.7 (ArC-N), 153.0 (CH=N). 
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Synthesis of ethyI2-(pyridin-4-yl)propanoate 330 
330 
Diisopropyl amine (4.63 mL, 33.00 mmol) was dissolved in THF (120 mL) and the mixture 
was cooled to -78°C followed by addition of a solution of n-butyllithium in hexanes (1.6 M, 
20.6 mL, 33 mmol) and stirring for 30 min. Ethyl 2-(pyridin-4-yl)acetate (4.59 mL, 30 mmol) 
was dissolved in 20 mL of THF and added drop wise over 20 min, followed by stirring for 
another 30 min. The reaction mixture was allowed to heat to 0 cC, methyl iodide (2.24 mL, 
36.00 mmol) was added and the mixture was stirred for another 30 min. Evaporation under 
reduced pressure gave an oil, which was dissolved in DCM and washed with saturated 
NaHC03 solution and brine. The organic phase was dried and evaporated under reduced 
pressure and column chromatography of the crude product resulted in the isolation of ethyl 2-
(pyridin-4-yl)propanoate 330 (4.72 g, 88%) as a yellow oil. vmax(neat)/cm- I 2983,2938 (Sp3 C-
H), 1734 (C=O), 1598 (C=O); oH(400 MHz) 1.22 (3 H, t, J= 7.1, OCH2CH3), 1.51 (3 H, d, J 
= 7.2, CHCH3), 3.69 (1 H, q, J= 7.2, CHCH3), 4.08-4.20 (2 H, m, OCH2CH3), 7.23-7.25 (2 
H, m, pyridyl 3, 5-H), 8.55-8.56 (2 H, m, pyridyl2, 6-H); Oc 14.1 (OCH2CH3), 17.9 (CHCH3), 
45.0 (CHCH3), 61.2 (OCH2CH3), 122.8 (pyridyl 3, 5-C), 149.3 (pyridyl 4-C), 150.1 (pyridyl 
2, 6-C), 173.2 (C=O); rnIz (El) 180.1018 [(M+H)+, CIOHI4N02 requires 180.1019], 179 
(12%), 106 (100), 77 (58). 
Synthesis of N-(2-iodophenyl)-2-(pyridin-4-yl)propanamide 331 136 
cc~\O 
330 331 
o-lodoaniline (2.19 g, 10 mmol) was dissolved in dry DCM (50 mL) and a solution of 
trimethylaluminium in hexanes (2.0 M, 7.5 mL, 15 mmol) was added drop wise followed by 
stirring for 30 min at room temperature. Ethyl 2-(pyridin-4-yl)propanoate 330 (1.79 g, 10 
mmol) was added and the reaction was stirred for 3 days at reflux. The reaction mixture was 
carefully quenched with dilute aqueous HCI to hydrolyse excess trimethylaluminium. The 
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mixture was diluted with DCM and washed with saturated NaHC03 solution and brine. The 
organic phase was dried, evaporated under reduced pressure. The resulting residue was 
purified using column chromatography to give N-(2-iodophenyl)-2-(pyridin-4-yl)propanamide 
331 (2.84 g, 81%) as colourless crystals, mp 145-147 cC. (Found: C, 47.74; H, 3.58; N, 7.76. 
C14H13IN20 requires C, 47.75; H, 3.72; N, 7.95%); vmax(neat)/cm-1 3261 (N-H), 3024 (ArC-
H), 2979, 2933 (Sp3 C-H), 1667 (C=O), 1519 (N-H), 751 (Ar); oH(400 MHz) 1.66 (3 H, d, J= 
6.8, CHCH3), 3.77 (1 H, q, J= 6.8, CHCH3), 6.83 (1 H, dt, J= 8.0, 1.6, Ar-H), 7.31-7.42 (4 
H, m, pyr 3, 5-H, Ar-H and N-H), 7.71 (1 H, dd, J= 8.0, 1.2, Ar-H), 8.21 (1 H, d, J= 8.0, Ar-
H), 8.64 (2 H, d, J = 6.0, pyr 2, 6-H); Oc 17_7 (CH3), 47.9 (CHCH3), 121.7 (ArC), 123.1, 
126.2, 129.3 (ArCH), 137.7 (ArC), 138.8 (ArCH), 149.0 (ArC), 150.6 (2 C, ArCH), 170.7 
(C=O); mlz (El) 353.0146 [(M+Ht, Cl4Hl4IN20 requires 353.0145], 352 (1%), 226 (5), 106 
(100),91 (40), 77 (45). 
Synthesis of N-[2-(prop-l-ynyl)phenyl]-2-(pyridin-4-yl)propanamide 332 
cc~\O 
331 
~ Cl~\O 
332 
Standard Sonogashira coupling conditions were employed using N-(2-iodophenyl)-2-(pyridin-
4-yl)propanamide 331 (1.41 g, 4.00 mmol) and propyne (4.00 g, 40.00 mmol). This gave N-
[2-(Prop-l-ynyl)phenyl]-2-(pyridin-4-yl)propanamide 332 (0.93 g, 88%) as colourless 
crystals, mp 105-107 cC. vmax(neat)/cm-1 3366 (N-H), 3026 (ArC-H), 2976, 2916 (Sp3 C-H), 
2223 (alkyne), 1684 (CONH), 757 (Ar); oH(400 MHz) 1.65 (3 H, d, J= 7.2, CHCH3), 1.94 (3 
H, s, C=CCH3), 3.78 (1 H, q, J= 7.2, CHCH3), 6.99 (1 H, dt, J= 7.6, 1.1, Ar-H), 7.25-7.30 (2 
H, m, Ar-H), 7.34 (2 H, dd, J= 4.6, 1.6, pyr 3, 5-H), 7.84 (1 H, bs, NH), 8.36 (1 H, d, J= 8.3, 
Ar-H), 8.64 (2 H, dd, J = 4.6, 1.6, pyr 2, 6-H); Oc 4.38 (C=CCH3), 17.89 (CHCH3), 47.88 
(CHCH3), 74.55 (alkyne C), 93.26 (alkyne C), 112.73 (ArC), 118.83 (ArCH), 123.16 (pyr 3, 
5-C), 123.56, 128.88, 131.59 (ArCH), 138.41, 149.41 (ArC), 150.50 (pyr 2, 6-C), 170.46 
(CONH); rnIz (El) 265.1333 [(M+H)\ C17H17N20 requires 265.1335], 264 (22%), 131 (87), 
130 (98), 106 (100), 77 (70). 
6-170 
Synthesis of (Z)-phenyl N-2-(prop-l-ynyl)phenyl-2-(pyridin-4-yl)propaneselenoimidate 
333 
0::\0 
332 333 
Standard selanation conditions were employed using N-[2-(Prop-l-ynyl)phenyl]-2-(pyridin-4-
yl)propanamide 332 (0.43 g, 1.62 mmol). This gave (Z)-phenyl N-2-(prop-l-ynyl)phenyl-2-
(pyridin-4-yl)propane selenoimidate 333 (0.31 g, 48%) as yellow crystals mp 90-92 QC. 
(Found: C, 68.52; H, 4.87; N, 6.70. C23H20N2Se requires C, 68.48; H, 5.00; N, 6.94%). 
vrnax(neat)/cm·1 3052 (ArC-H), 2982, 2926 (Sp3 C-H), 1630 (C=N), 742, 692 (Ar); oH(400 
MHz) 1.51 (3 H, d, J= 6.9, CHCH3), 2.07 (3 H, s, C=CCH3), 3.91 (1 H, q, J= 6.9, CHCH3), 
6.87 (1 H, bd, J= 7.9, Ar-H), 7.04-7.06 (2 H, m, pyr 3, 5-H), 7.10 (1 H, dd, J= 7.7, 1.3, Ar-
H), 7.20-7.31 (3 H, m, Ar-H), 7.35-7.40 (3 H, m, Ar-H), 7.45 (1 H, dd, J= 8.1,1.4, Ar-H), 
8.41-8.43 (2 H, m, pyr 2, 6-H); Oc 4.66 (C=CCH3), 21.84 (CHCH3), 48.26 (CHCH3), 77.34, 
90.05 (alkyne C), 114.22 (ArC), 118.82, 123.08, 124.48 (ArCH), 126.95 (ArC), 128.41, 
129.20, 129.33, 133.03, 137.56, 149.57 (ArCH), 151.41, 151.98 (ArC), 167.75 (C=N); m/z 
(LSIMS) 405.0866 [(M+H)\ C23H21N2Se requires 405.0864], 405 (41%), 249 (85), 108 
(100). The structure ofimidoyl selanide 333 was confirmed by X-ray crystallography. 
Synthesis of ellipticine 270 
c6~ // ~ ~ I I ~ J:(OePh.p' N N 
333 
Using BU3SnH 
(Z)-Phenyl N-2-(prop-l-ynyl)phenyl-2-(pyridin-4-yl)propane selenoimidate 333 (0.25 g, 0.62 
mmol) and tributyltin hydride (0.36 mL, 1.36 mmol) were dissolved in toluene (20 mL) and 
the solution was flushed with argon for 15 min. Triethylborane (18.6 mL, 18.6 mmol) was 
added in three portions, once every 24 h (preceded by deoxygenation). The reaction mixture 
was stirred for 72 h, allowing oxygen to bleed in through a needle. The solution was 
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evaporated under reduced pressure, the residue dissolved in DCM, extracted three times with 
dilute aqueous HCI, washed with petrol and the aqueous phase basified using concentrated 
aqueous NaOH solution. The resulting dispersion was extracted five times with DCM and the 
organic phase was evaporated under reduced pressure. The resulting residue was purified 
using column chromatography (THF: EtOAc 1:1) to give ellipticine 270129 (93 mg, 61%) as 
yellow crystals, mp 310-314 QC (lit.,129 311-315 QC) vrnax(KBr)/cm-1 3422 (N-H), 3153, 3090 
(ArC-H), 2925, 2870 (Sp3 C-H), 2363, 2341, 1600, 1463, 1407, 1383, 1262, 1242, 1027, 811, 
743,604 (selected fingerprint); ~H(400 MHz, DMSO) 2.79 (3 H, s, CH3), 3.26 (3 H, s, CH3), 
7.27 (1 H, ddd, J= 8.0, 6.9,1.4, Ar-H), 7.51-7.59 (2 H, m, Ar-H), 7.92 (1 H, d, J= 6.0, Ar-
H), 8.39 (1 H, d, J= 8.0, Ar-H), 8.43 (1 H, d, J= 6.0, Ar-H), 9.70 (1 H, s, Ar-H), 11.42 (1 H, 
s, NH); ~cCDMSO) 11.93, 14.31 (CH3), 107.99 (ArC), 110.66, 115.86, 119.14 (ArCH), 
121.92, 123.08, 123.34 (ArC), 123.78, 127.08 (ArCH), 128.01, 132.42 (ArC), 140.44 (ArCH), 
140.50, 142.63 (ArC), 149.65 (ArCH). 
Using BU3GeH 
The same procedure as above was employed on a 1.00 mmol scale, replacing BU3SnH with 
BU3GeH, to yield ellipticine 270 (120 mg, 49%). 
6.5. Experimental for chapter 5 
Synthesis of NI ,N2 -hisphenyloxalimide chloride 339 
~o ~N~~'r01 
H 0 V 
Using thionyl chloride 
339 
NI,N2 -Diphenyloxalamide (0.48 g, 2.00 mmol) was heated under reflux with thionyl chloride 
(0.44 mL, 6.00 mmol) in toluene (50 mL) and in neat thionyl chloride (excess) for 3 h, but 
both experiments yielded only starting materials. 
Using phosphorus pentachloridel44 
NI,N2-Diphenyloxalamide (0.48 g, 2.00 mmol) and phosphorus pentachloride (1.25 g, 6.00 
mmol) were heated under reflux in toluene (10 mL) for 3 h. After cooling to room 
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temperature the reaction mixture was concentrated under reduced pressure, petroleum was 
added and filtration yielded the crude NI ,N2 -bisphenyloxalimide chloride 339 as a yellow 
solid (0.25 g, approximately 47% crude yield). The crude imidoyl chloride was carried onto 
the next step with no further purification. 
Synthesis of NI ,N2 -hisphenyloxalimide pbenylselanide 340 
fI1 Cl ~N~N~ 
Cl V 
339 
fI1 SePh ~ ~N~N~ 
PhSe V 
340 
NI ,N2 -Bisphenyloxalimide chloride 339 (0.17 g, 0.61 mmol) was added to a suspension of 
(PhSeh (0.19 g, 0.61 mmol) and K-selectride® (0.67 mL, 0.67 mmol) followed by stirring at 
room temperature for 18 h. The solution was evaporated under reduced pressure, taken up in 
DCM and washed with brine. The organic phase was dried and evaporated under reduced 
pressure. Purification using column chromatography yielded NI ,N2 -bisphenyloxalimide 
phenylselanide 340 (0.24 g, 76% from crude chloride, 35% from oxalamide) as colourless 
crystals, mp 173-175 QC. vmax(neat)/cm-I 3047 (ArC-H), 1626, 1609 (C=N), 843, 743, 687 
(Ar); oH(400 MHz) 6.27-6.30 (4 H, bd, Ph 2, 6-H), 7.08-7.12 (2 H, m, Ph 4-H), 7.21-7.25 (4 
H, m, Ph 3, 5-H), 7.37-7.41 (4 H, m, Ph 3, 5-H), 7.46-7.50 (2 H, m, Ph 4-H), 7.74-7.79 (4 H, 
bd, Ph 2, 6-H); Oc 119.13, 125.28 (ArCH), 126.79 (ArC), 128.93, 129.19, 129.35, 138.07 
(ArCH), 148.94 (ArC), 158.96 (C=N); mlz (LSIMS) 521.0035 [(M+Ht, CIsH21N2Se2 
requires 521.0030],520 (8%), 209 (62), 106 (38), 94 (100). 
Synthesis of NI ,N 2 -his(2-iodophenyl)oxalamide 341 
o 
CI~CI 
o 
0(1 0 ~N~~~ 
H 0 ~ 
I 
341 
2-Iodoaniline (5.48 g, 25.00 mmol) was dissolved in anhydrous THF (25 mL) and cooled to 0 
QC followed by drop wise addition of oxalyl chloride (1.09 mL, 12.50 mmol). The mixture 
was allowed to warm to room temperature and stirred for 30 min. The resulting suspension 
was filtered and the crystals washed with ethanol to yield NI ,N2 -bis(2-iodophenyl)oxalamide 
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341 (6.02 g, 98%) as colourless crystals, mp 262-264 QC. vrnax(neat)/cm-1 3108, 3068 (ArC-
H), 1687 (C=O), 1571, 1509 (Ar C=C), 743, 688 (Ar); oH(400 MHz) 6.95 (2 H, dt, J = 7.9, 
1.5, Ar-H), 7.40-7.45 (2 H, m, Ar-H), 7.86 (2 H, dd, J= 7.9,1.4, Ar-H), 8.39 (2 H, dd, J= 
8.2, 1.5, Ar-H), 9.82 (2 H, bs, NH); Oc 89.76 (ArC), 121.14, 127.12, 129.42 (ArCH), 136.84 
(ArC), 139.29 (ArCH), 157.44 (C=O); mlz (El) 491.8827 [M+, Cl4HIOhN202 requires 
491.8826],492 (4%), 365 (73), 119 (92), 91 (100). 
Synthesis of NI ,N2-bis[2-(2-phenylethynyl)phenyl]oxalamide 342 
Route A: 
cc l 0 I ~ N~~'A 
HO N 
I 
341 
c6~Ph I~ 0 ~ N~~H ~
H 0 I ~ 
4fP 
Ph 342 
N1,N2-Bis(2-iodophenyl)oxalamide 341 (0.98 g, 2.00 mmol) and triethylamine (2.23 mL, 
16.00 mmol) were stirred in DMF (50 mL) and the mixture was flushed with nitrogen for 15 
min. Bis(triphenylphosphine )palladium dichloride (0.14 g, 0.20 mmol) and copper iodide 
(0.076 g, 0.40 mmol) were added, followed by stirring for 1 h. Drop wise addition of phenyl 
acetylene (0.66 mL, 6.00 mmol) over 5 min was followed by stirring at room temperature for 
5 h. The oxalamide 341 did not appear to go into solution, and TLC analysis indicated the 
reaction had not gone to completion. Heating to 110 QC for 2 h resulted in a clear solution; 
however TLC and IH NMR spectral analysis indicated a complex mixture of products. 
Route B: 
296 
o 
CI~CI 
o 
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H 0 I ~ 
4fP 
Ph 
342 
2-(2-Phenylethynyl)aniline 296 (1.93 g, 10.00 mmol) was dissolved in anhydrous THF (10 
mL) and cooled to 0 QC followed by drop wise addition of oxalyl chloride (0.44 mL, 5.00 
mmol). The mixture was allowed to warm to room temperature and stirred for 30 min. The 
resulting suspension was filtered and the crystals washed with ethanol to yield NI ,N2 -his[2-(2-
phenylethynyl)phenyl]oxalamide 342 (2.01 g, 91%) as colourless crystals, mp 236-238 QC. 
vrnax(neat)/cm-l 1674, 1654 (C=O), 1561, 1510, 1438 (Ar C=C), 754,685 (Ar); oH(400 MHz) 
7.19 (2 H, dt,J= 7.7,1.2, Ar-H), 7.38-7.46 (8 H, m, Ar-H), 7.58 (2 H, dd,J= 7.7,1.5, Ar-H), 
7.72-7.75 (4 H, m, Ar-H), 8.55 (2 H, dd, J = 8.3, 0.8, Ar-H), 10.40 (2 H, bs, NH); Oc 83.57, 
97.78 (C=C), 113.62 (anilide I-C), 119.12 (ArCH), 122.30 (Ph I-C), 124.76, 128.59, 128.94, 
129.60, 131.66, 131.77, 137.31 (anilide 2-C), 157.47 (C=O); m1z (El) 440.1516 [M+, 
C30H20N202 requires 440.1519], 440 (12%), 220 (24), 193 (47), 165 (100). 
Synthesis of Nl,N2-bis(2-iodophenyl)oxalimide chloride 344 
C(lo I ~ N~~)) 
H 0 I ~ 
1 
341 
C(ICI I.Q N~N~ CI~ 1 
344 
NI,N2-Bis(2-iodophenyl)oxalamide 341 (4.43 g, 9.00 mmol) and phosphorus pentachloride 
(5.62,27.00 mmol) were heated under reflux in toluene (3 mL) for 3 h. After cooling to room 
temperature petroleum was added. Filtration gave a yellow solid which was thoroughly 
washed with light petroleum to give NI,N2-his(2-iodophenyl)oxalimide chloride 344 (3.96 g, 
83%) as yellow crystals, mp 143-145 QC. vrnax(neat)/cm-l 3053 (ArC-H), 1600 (C=N), 1457, 
1431 (Ar C=C), 832, 766 (Ar); oH(400 MHz) 7.00 (2 H, ddd, J= 7.9, 7.4, 1.5, Ar 4-H), 7.06 
(2 H, dd, J = 7.9, 1.5, Ar 6-H), 7.44 (2 H, ddd, J = 7.9, 7.4, 1.3, Ar 5-H), 7.94 (2 H, dd, J = 
7.9, 1.3, Ar 3-H); Oc 89.71 (Ar I-C), 119.45, 127.80, 128.82, 139.28 (ArCH), 140.70 (C=N), 
147.96 (Ar 2-C); m1z (El) 527.8146 (M+, Cl4HgChhN2 requires 527.8148), 527 (42%), 493 
(100). 
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Synthesis of NI,N2-his(2-iodophenyl)oxalimide phenylselanide 345 
~ICI ~N~N~ 
c'N I 
344 
~I SePh 
~N~N~ 
PhSe IN 
345 
Nt,N2-Bis(2-iodophenyl)oxalimide chloride 344 (4.17 g, 7.88 mmol) was added to a 
suspension of (PhSe)2 (2.46 g, 7.88 mmol) and K-selectride® (16.55 mL, 16.55 mmol) 
followed by stirring at room temperature for 20 min. The solution was evaporated under 
reduced pressure, taken up in DCM and washed with water and brine. The organic phase was 
dried and evaporated under reduced pressure. Purification using trituration in DCMllight 
petroleum yielded Nt,N2-bis(2-iodophenyl)oxalimide phenylselanide 345 (4.44 g, 73%) as 
orange crystals, mp 161-162 QC. vrnax(neat)/cm- I 3053 (ArC-H), 1628, 1611 (C=N), 1574, 
1455, (Ar C=C), 733, 688 (Ar); oH(400 MHz) 5.85 (2 H, bs, Ar-H), 6.73 (2 H, dt, J= 7.8, 1.4, 
Ar-H), 7.06 (2 H, t, J= 7.3, Ar-H), 7.27 (4 H, t, J= 7.6, Ph 3, 5-H), 7.36 (2 H, t, J= 7.6, Ph 4-
H), 7.68 (4 H, d, J= 7.6, Ph 2, 6-H), 7.73 (2 H, dd, J= 7.8, 1.0, Ar-H); Oc 118.59 (ArCH), 
118.60 (ArC), 126.36 (ArCH), 126.42 (ArC), 128.41, 129.12, 129.13, 137.51, 139.07 (ArCH), 
149.51 (ArC), 160.04 (C=N). The structure of imidoyl selanide 345 was confirmed by X-ray 
crystallography. 
Attempted synthesis of NI ,N2 -his[2-(2-phenylethynyl)phenyl]oxalimide phenylselanide 
343 
Route A: 
cCt~ Ph I ~ SePh 
o N~~N ~
PhSe I 0 
~ 
Ph 343 
NI ,N2 -Bis(2-(2-phenylethynyl)phenyl)oxalamide 342 (0.88 g, 2.00 mmol) and phosphorus 
pentachloride (1.25 g, 6.00 mmol) were heated under reflux in toluene (3 mL) for 3 h. After 
cooling to room temperature the reaction mixture was concentrated under reduced pressure, 
6-176 
petroleum was added and filtration yielded a brown solid. What was hoped to be the 
bis(imidoyl chloride) (0.27 g, 0.57 mmol) was added to a suspension of (PhSe h (0.17 g, 0.56 
mmol) and K-selectride® (1.20 mL, 1.20 mmol) followed by stirring at room temperature for 
18 h. The solution was evaporated under reduced pressure, taken up in DCM and washed with 
brine. The organic phase was dried and evaporated under reduced pressure. TLC and IH NMR 
spectral analysis of the crude product did not reveal any of the desired product. 
Route B: 
~I Se Ph 
~N~N~ 
PhSe I~ 
345 
rotp Ph I ~ SePh 
o N~~N ~
PhSe I 0 
~ 
Ph 343 
Using Sonogashira coupling conditions 
Standard Sonogashira coupling conditions were employed usmg NI,Nrbis(2-
iodophenyl)oxalimide phenylselanide 345 (0.31 g, 0.40 mmol), triethylamine (0.45 mL, 3.20 
mmol), bis(triphenylphosphine)palladium dichloride (28 mg, 0.04 mmol), copper iodide (76 
mg, 0.20 mmol) and phenyl acetylene (0.13 mL, 1.20 mmol). Only starting material was 
detected in the reaction mixture by TLC and IH NMR spectral analysis. 
Using Stille coupling conditions l47 
NI,N2-Bis(2-iodophenyl)oxalimide phenylselanide 345 (0.77 g, 1.00 mmol) and 
tetramethylammonium chloride (0.22 g, 2.00 mmol) were dissolved in DMF (20 mL) and the 
solution was flushed with nitrogen for 10 min. Bis(triphenylphosphine)palladium dichloride 
(0.07 g, 0.10 mmol) and tributyl(2-phenylethynyl)stannane (1.05 mL, 3.00 mmol) were added 
and the mixture was stirred at room temperature for 18 h. The mixture was treated with 
aqueous KF, diluted with DCM and washed twice with water and brine. The organic phase 
was dried and evaporated under reduced pressure. Column chromatography resulted only in 
the isolation of starting materials. 
Using Negishi coupling conditionsl48 
To a solution of phenyl acetylene (0.22 mL, 2.00 mmol) in THF (2 mL) stirred at 0 °C was 
added butyllithium (2.5 M solution in hexanes) (0.80 mL, 2.00 mmol) and anhydrous ZnCh 
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(0.27 g, 2.00 mmol) in THF (4 mL). The solution was stirred for 15 min at room temperature 
and cooled to 0 QC. NI,N2-Bis(2-iodophenyl)oxalimide phenylselanide 345 (0.77 g, 1.00 
mmol) in THF (10 mL) was added, and the reaction was stirred for 3 h at room temperature. 
The resulting mixture was taken up in DCM and washed with water and brine. The organic 
phase was dried and evaporated under reduced pressure. The crude mixture contained only 
starting materials by TLC and IH NMR spectral analysis. 
Attempted synthesis of NI ,Nrhis[2-(3-hydroxyprop-l-ynyl)phenyl] oxaIimid 
phenylselanide 346 
~I SePh 
~N~N~ # ~ 
PhSe I~ 
~ OH 
SePh 
N~N 
Ph Se I 
HO ~ 
345 346 
Standard Sonogashira coupling conditions were employed usmg NI,N2-Bis(2-
iodophenyl)oxalimide phenylselanide 345 (77 mg, 0.10 mmol), triethylamine (0.11 mL, 0.80 
mmol), bis(triphenylphosphine)palladium dichloride (7 mg, 0.01 mmol [5%]), copper iodide 
(4 mg, 0.02 mmol [10%]) and propargyl alcohol (0.02 mL, 0.30 mmol), however the 
following alterations were used in four separate experiments (result in brackets): 
I) 10% Pd catalyst, stoichiometric copper iodide (starting material). 
2) 10% Pd catalyst, 20% copper iodide, refluxing in DCM (starting material). 
3) 10% Pd catalyst, 20% copper iodide, refluxing in THF (complex inseparable mixture). 
4) 10% Pd catalyst, stoichiometric zinc chloride, refluxing in THF (complex inseparable 
mixture), 
Attempted synthesis of Nl,N2-his[2-(2-phenylethynyl)phenyl]oxaIimide chloride 347 
CCI Cl ccJPh I A N~NX) I '-':: Cl • AN~ + Ph Ph Cl 1.0 Cl 1.0 I ~ 
344 Ph 347 348 
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Using Sonogashira coupling conditions 
Standard Sonogashira coupling conditions were employed usmg NJ,N2-bis(2-
iodophenyl)oxalimide chloride 344 (1.06 g, 2.00 mmol), triethylamine (2.23 mL, 16.00 
mmol), bis(triphenylphosphine )palladium dichloride (0.07 g, 0.10 mmol), copper iodide (38 
mg, 0.20 mmol) and phenyl acetylene (0.66 mL, 6.00 mrnol). Apart from starting material 
only the homo-coupled product 348 J68 was isolated as colourless crystals. vrnax(neat)/cm-J 
3048 (ArC-H), 1485, 1439 (Ar C=C), 755, 687 (Ar); oH(400 MHz) 7.27-7.35 (6 H, rn, Ph-H), 
7.49-7.52 (4 H, m, Ph-H); Oc 74.12, 81.72 (C=C), 121.86 (Ph I-C), 128.56 (Ph 3, 5-C), 
129.33 (Ph 4-C), 132.52 (Ph 2, 6-C). 
Using Stille coupling conditions 
NJ,N2-Bis(2-iodophenyl)oxalimide chloride 344 (1.06 g, 2.00 mmol) was dissolved in toluene 
(30 mL) and the solution was flushed with nitrogen for 10 mm. 
Bis(triphenylphosphine)palladium dichloride (0.14 g, 0.20 mmol) and tributyl(2-
phenylethynyl)stannane (2.10 mL, 6.00 mmol) were added and the mixture was stirred at 80 
°C for 3 h. Column chromatography resulted only in the isolation of starting materials. 
Synthesis of Nt,N2-bis(2-biphenyl)oxalamide 352 
Ph 0 o + CI~CI 
NH2 0 
2-Aminobiphenyl (5.08 g, 30.00 mmol) was dissolved in anhydrous THF (25 mL) and cooled 
to 0 °C followed by drop wise addition of oxalyl chloride (1.31 mL, 15.00 mmol). The 
mixture was allowed to warm to room temperature and stirred for 30 min. The resulting 
suspension was filtered and the crystals washed with ethanol to yield NI,Nrbis(2-
biphenyl)oxalamide 352 (5.20 g, 88%) as colourless crystals, mp 239°C. vrnaxCneat)/cm-J 1691 
(C=O), 1581, 1518, 1445, (Ar C=C), 754, 696 (Ar); oH(400 MHz) 7.23 (2 H, dt, J= 7.5, 1.2, 
Ar-H), 7.31 (2 H, dd, J = 7.5, 1.5, Ar-H), 7.35-7.41 (6 H, m, Ar-H), 7.46-7.48 (2 H, rn, Ar-H), 
7.51-7.55 (4 H, m, Ar-H), 8.38 (2 H, dd, J = 8.2, 1.0, Ar-H), 9.54 (2 H, bs, NH); Oc 120.32, 
125.33, 128.42, 128.46, 129.20, 129.30, 130.41 (ArCH), 132.89, 133.28, 137.22 (ArC), 
157.35 (C=O); mlz (ESI) 410.1858 ([M+NH4t, C26H24N302 requires 410.1863), 392 (52%), 
196 (81), 178 (67), 167 (100). 
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Synthesis of Nt,N2-bis(2-biphenyl)oxalimide phenylselanide 353 
~PhO ~N~~)) 
H 0 I ~ 
Ph 
352 
Nl,N2-Bis(2-biphenyl)oxalamide 352 (1.97 g, 5.02 mmol) and phosphorus pentachloride (3.14 
g, 15.00 mmol) were heated under reflux in toluene (3 mL) for 3 h. After cooling to room 
temperature light petroleum was added and filtration yielded the crude bis(irnidoyl chloride) 
as a yellow solid (2.00 g, 93% crude yield). The bis(imidoyl chloride) (2.00 g, 4.66 mmol) 
was added to a suspension of (PhSe)z (2.00 g, 4.66 mmol) and K-selectride® (9.32 mL, 9.32 
mmol) followed by stirring at room temperature for 18 h. The solution was evaporated under 
reduced pressure, taken up in DCM and washed with brine. The organic phase was dried and 
evaporated under reduced pressure. Purification using trituration in DCM/light petroleum 
gave Nt,N2-bis(2-biphenyl)oxalimide phenylselanide 353 (2.57 g, 76%) as pale yellow 
crystals, rnp 200-201 QC. vmax(neat)/cmol 3069 (ArC-H), 1614 (C=N), 1470, 1438 (Ar C=C), 
844, 739, 695 (Ar); oH(400 MHz) 5.52 (2 H, bs, Ar-H), 7.02 (2 H, dt, J = 7.7, 1.4, Ar-H), 
7.11-7.20 (8 H, rn, Ar-H), 7.26-7.30 (4 H, m, Ar-H), 7.35 (2 H, dd, J= 7.7, 1.5, Ar-H), 7.37-
7.44 (6 H, rn, Ar-H), 7.50-7.52 (4 H, m, Ar-H); Oc 118.86, 125.50 (ArCH), 126.71 (ArC), 
127.02, 127.49, 127.74, 129.02, 129.03, 129.72, 130.40 (ArCH), 131.84 (ArC), 137.92 
(ArCH), 138.56 (ArC), 146.27 (ArC), 157.45 (C=N); mlz (LSIMS) 673.0664 ([M+Ht, 
C3sH29N2Se2 requires 673.0656), 673 (2%),515 (4), 362 (12), 180 (100). 
Cyclisation of Nt,N2-bis(2-biphenyl)oxalimide phenylselanide 353 
~/ ~ 7 
To a solution of N1,N2-bis(2-biphenyl)oxalimide phenylselanide 353 (0.34 g, 0.50 mmol) in 
toluene (40 mL) was added tributyltin hydride (0040 mL, 1.5 mmol) and the mixture was 
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purged with nitrogen for 10 min, followed by addition of triethylborane (1 M solution in 
hexanes) (10 mL, 10 mmol). The reaction was stirred for 24 h at room temperature allowing 
oxygen to bleed in via a needle. Purging with nitrogen was repeated and triethylborane was 
added again (10 mL, 10 mmol) followed by stirring for 24 h. This was repeated over 3 days. 
TLC analysis of the reaction mixture showed one major product. However subsequent to flash 
sinter chromatography TLC and IH NMR analysis showed a complex mixture and no pure 
products could be isolated. 
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Appendix A. X-ray crystallograpby 
Structure determination by single crystal X-ray crystallography of (Z)-phenyl 4-methyl-N-{2-
[(E)-pent-1-enyl]pheny1}benzoselenoimidate 234c. The compound was placed in a small 
sample vial and dissolved in a minimal amount of hot ethyl acetate. The small sample vial 
was positioned in a larger sample vial containing light petroleum which was sealed. Crystals 
developed upon storage at room temperature for 24 h, and were submitted in the mother 
liquor. 
Table 1. Crystal data and structure refinement for 234c. 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient J.t 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
150(2) K 
MoKa, 0.71073 A 
triclinic, P 1 
a = 7.4658(4) A 
b = 10.2919(6) A 
c = 13.7980(7) A 
1051. 70( 10) A3 
2 
1.321 g/cm3 
1.794 mm-I 
432 
a = 91.041(2)° 
~ = 97.163(2)° 
y = 90.451 (2)° 
yellow, 0.77 x 0.44 x 0.36 mm3 
5136 (9 range 2.45 to 28.50°) 
Bruker SMART 1000 CCD diffractometer 
co rotation with narrow frames 
1.98 to 29.06° 
h -9 to 10, k -13 to 13,1-18 to 18 
98.5 % 
0% 
9269 
4850 (Rint = 0.0131) 
4122 
semi-empirical from equivalents 
0.339 and 0.564 
182 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Patterson synthesis 
Full-matrix least-squares on F2 
0.0368, 0.5946 
4850/38/273 
RI = 0.0318, wR2 = 0.0758 
RI = 0.0412, wR2 = 0.0812 
1.037 
0.001 and 0.000 
0.536 and -0.366 e A-3 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A2) 
for 234c. Ueq is defined as one third of the trace of the orthogonalized uij tensor. 
x y Z Ueq 
C(1) 0.5475(3) 0.1298(2) 0.30806(16) 0.0351(4) 
C(2) 0.4484(3) 0.0130(2) 0.30745(19) 0.0444(5) 
C(3) 0.5151(4) -0.0817(2) 0.3741(2) 0.0502(6) 
C(4) 0.6687(4) -0.0620(2) 0.43785(19) 0.0502(6) 
C(5) 0.7632(4) 0.0533(2) 0.43759(18) 0.0477(6) 
C(6) 0.7030(3) 0.1487(2) 0.37265(17) 0.0398(5) 
N(1) 0.4925(3) 0.22486(17) 0.23767(13) 0.0374(4) 
C(7) 0.4181(3) 0.32975(19) 0.25984(14) 0.0304(4) 
C(8) 0.3645(3) 0.42648(19) 0.18359(14) 0.0310(4) 
C(9) 0.3004(3) 0.3830(2) 0.08946(16) 0.0399(5) 
C(10) 0.2519(3) 0.4704(3) 0.01612(17) 0.0463(5) 
C(ll) 0.2674(3) 0.6037(2) 0.03405(17) 0.0424(5) 
C(12) 0.3328(3) 0.6460(2) 0.12776(18) 0.0423(5) 
C(13) 0.3794(3) 0.5592(2) 0.20217(16) 0.0360(4) 
C(14) 0.2150(4) 0.6992(3) -0.0459(2) 0.0590(7) 
Se(l) 0.37486(3) 0.36677(2) 0.393836(15) 0.04046(9) 
C(15) 0.1613(3) 0.4694(2) 0.37088(15) 0.0329(4) 
C(16) 0.0151(3) 0.4279(2) 0.30594(16) 0.0371(5) 
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C(17) -0.1403(3) 0.5021(2) 0.29361(19) 0.0447(5) 
C(18) -0.1503(3) 0.6154(2) 0.3478(2) 0.0507(6) 
C(19) -0.0059(3) 0.6549(2) 0.4142(2) 0.0509(6) 
C(20) 0.1519(3) 0.5832(2) 0.42545(18) 0.0428(5) 
C(21) 0.2825(4) -0.0049(3) 0.2406(3) 0.0746(10) 
C(22) 0.1498(8) -0.0930(6) 0.2333(7) 0.066(2) 
C(23) 0.0008(7) -0.1052(6) 0.1493(4) 0.0602(18) 
C(24) -0.1695(7) -0.0499(6) 0.1774(4) 0.0571(17) 
C(25) -0.3039(6) -0.0710(4) 0.0869(3) 0.0943(12) 
C(22X) 0.1462(9) -0.0767(8) 0.2732(6) 0.076(3) 
C(23X) -0.0366(8) -0.1117(6) 0.2184(4) 0.0569(18) 
C(24X) -0.0907(8) -0.0279(7) 0.1339(5) 0.066(2) 
Table 3. Bond lengths rA] and angles [0] for 234c. 
C(I)-C(6) 1.382(3) C(1)-C(2) 1.406(3) 
C(1)-N(1) 1.418(3) C(2)-C(3) 1.403(4) 
C(2)-C(21) 1.458(4) C(3)-C(4) 1.367(4) 
C(4)-C(5) 1.375(4) C(5)-C(6) 1.381(3) 
N(1)-C(7) 1.268(3) C(7)-C(8) 1.482(3) 
C(7)-Se(l) 1.947(2) C(8)-C(13) 1.386(3) 
C(8)-C(9) 1.392(3) C(9)-C(10) 1.383(3) 
C(1 O)-C( 11) 1.391(4) C(11)-C(12) 1.385(3) 
C(11)-C(14) 1.508(3) C(12)-C(13) 1.386(3) 
Se(1)-C(15) 1.9161(19) C( 15)-C( 16) 1.382(3) 
C(15)-C(20) 1.388(3) C( 16)-C( 17) 1.388(3) 
C(17)-C(l8) 1.381(3) C( 18)-C( 19) 1.378(4) 
C(19)-C(20) 1.388(3) C(21 )-C(22) 1.331(6) 
C(21 )-C(22X) 1.378(7) C(22)-C(23) 1.506(8) 
C(23)-C(24) 1.489(6) C(24)-C(25) 1.512(6) 
C(25)-C(24X) 1.695(7) C(22X)-C(23X) 1.513(8) 
C(23X)-C(24X) 1.479(7) 
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C(6}-C(I)-C(2) 120.5(2) C(6}-C(I)-N(I) 120.2(2) 
C(2}-C(1 )-N (1) 119.2(2) C(3 }-C(2}-C(1) 117.1(2) 
C(3}-C(2)-C(21) 122.8(2) C(1 }-C(2)-C(21) 120.1(2) 
C( 4 }-C(3 )-C(2) 122.0(2) C(3)-C(4)-C(5) 119.9(2) 
C(4}-C(5)-C(6) 119.9(2) C( 5)-C( 6)-C(1) 120.6(2) 
C(7}-N (1 )-C( 1 ) 122.15(18) N (1 )-C(7)-C(8) 120.00(18) 
N (1 }-C(7)-Se( 1) 120.76(15) C(8)-C(7)-Se(1 ) 119.23(14) 
C(13)-C(8)-C(9) 118.65(19) C( 13 )-C(8)-C(7) 122.30(18) 
C(9}-C(8)-C(7) 119.04(19) C( 1 0)-C(9)-C(8) 120.6(2) 
C(9}-C(1 0)-C(11) 121.1(2) C(12)-C(11)-C(10) 117.8(2) 
C(12)-C(11)-C(14) 121.0(2) C(10)-C(11)-C(14) 121.1(2) 
C(II)-C(12)-C(13) 121.6(2) C(8)-C(13)-C(12) 120.2(2) 
C(IS)-Se(I)-C(7) 100.19(8) C(16)-C(15)-C(20) 120.32(19) 
C( 16)-C( 15)-Se( 1) 121.14(16) C(20)-C( 15)-Se( 1) 118.42(16) 
C(1S)-C(16)-C(17) 119.8(2) C(18)-C(17)-C(16) 120.0(2) 
C(19)-C(18)-C(17) 120.0(2) C( 18)-C( 19)-C(20) 120.5(2) 
C( IS)-C(20)-C( 19) 119.3(2) C(22)-C(21)-C(2) 133.3(5) 
C(22X}-C(21 )-C(2) 117.1(5) C(21)-C(22)-C(23) 125.0(7) 
C(24)-C(23)-C(22) 110.4(5) C(23)-C(24)-C(25) 103.8(4) 
C(21 )-C(22X)-C(23 X) 127.7(7) C(24X)-C(23X)-C(22X) 113.7(6) 
C(23X)-C(24X)-C(25) 107.7(4) 
Table 4. Anisotropic displacement parameters CA2) for 234c. The anisotropic 
displacement factor exponent takes the form: _21t2[h2a*2Ull + ... + 2hka*b*U12] 
C(1) 0.0388(11) 0.0287(10) 0.0396(11) -0.0011(8) 0.0111(9) 0.0093(8) 
C(2) 0.0411(12) 0.0318(11) 0.0622(15) -0.0041(10) 0.0141(11) 0.0056(9) 
C(3) 0.0559(15) 0.0282(11) 0.0729(17) 0.0023(11) 0.0330(14) 0.0077(10) 
C(4) 0.0639(16) 0.0402(13) 0.0512(14) 0.0076(10) 0.0226(12) 0.0246(12) 
C(5) 0.0496(14) 0.0449(13) 0.0484(13) -0.0006(10) 0.0047(11) 0.0184(11) 
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C(6) 0.0416(12) 0.0333(11) 0.0450(12) -0.0019(9) 0.0072(10) 0.0060(9) 
N(1) 0.0419(10) 0.0332(9) 0.0372(9) -0.0009(7) 0.0057(8) 0.0056(8) 
C(7) 0.0267(9) 0.0317(10) 0.0325(10) -0.0026(8) 0.0029(8) 0.0008(8) 
C(8) 0.0262(9) 0.0339(10) 0.0333(10) 0.0016(8) 0.0045(8) 0.0037(8) 
C(9) 0.0450(13) 0.0386(12) 0.0359(11) -0.0029(9) 0.0050(9) 0.0032(9) 
C(10) 0.0497(14) 0.0551(15) 0.0332(11) 0.0000(10) 0.0014(10) 0.0056(11) 
C(11) 0.0353(11) 0.0515(14) 0.0419(12) 0.0115(10) 0.0080(9) 0.0085(10) 
C(12) 0.0393(12) 0.0354(11) 0.0520(13) 0.0056(10) 0.0041(10) 0.0022(9) 
C(13)0.0325(11) 0.0361(11) 0.0381(11) 0.0008(9) -0.0007(8) 0.0009(8) 
C(I4)0.0618(17) 0.0667(18) 0.0498(15) 0.0209(13) 0.0080(13) 0.0140(14) 
Se(1)0.04088(14) 0.04827(14) 0.03242(12) 0.00200(9) 0.00390(9) 0.01948(10) 
C(15) 0.0291(10) 0.0324(10) 0.0382(10) 0.0023(8) 0.0078(8) 0.0064(8) 
C(I6)0.0317(11) 0.0360(11) 0.0443(12) -0.0040(9) 0.0084(9) -0.0004(8) 
C(17) 0.0272(11) 0.0521(14) 0.0540(14) -0.0036(11) 0.0027(10) -0.0004(9) 
C(IS) 0.0313(12) 0.0477(14) 0.0729(17) -0.0048(12) 0.0054(11) 0.0108(10) 
C(19) 0.0403(13) 0.0395(13) 0.0721(17) -0.0155(12) 0.0057(12) 0.0086(10) 
C(20)0.0321(11) 0.0416(12) 0.0534(14) -0.0094(10) 0.0022(10) 0.0039(9) 
C(21) 0.0553(18) 0.0414(15) 0.120(3) -0.0058(16) -0.0143(18) -0.0018(13) 
C(22) 0.060(4) 0.034(3) 0.101(6) -0.039(4) 0.005(4) 0.001(2) 
C(23) 0.058(3) 0.066(4) 0.060(4) -0.019(3) 0.022(3) -0.011(3) 
C(24) 0.054(3) 0.072(4) 0.049(3) 0.002(3) 0.023(3) 0.000(3) 
C(25) 0.109(3) 0.098(3) 0.068(2) -0.016(2) -0.020(2) 0.021(2) 
C(22X)0.057(4) 0.072(5) 0.095(6) -0.057(5) 0.003(4) -0.006(3) 
C(23X)0.062( 4) 0.059(4) 0.052(4) 0.003(3) 0.019(3) -0.001(3) 
C(24X)0.055(4) 0.067(4) 0.078(5) 0.020(3) 0.016(3) 0.011(3) 
Table 5. Hydrogen coordinates and isotropic displacement parameters CA 2) for 234c. 
H(3) 
H(4) 
0.4516 
0.7102 
x y 
-0.1619 
-0.1278 
0.3749 
0.4823 
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z 
0.060 
0.060 
u 
H(5) 0.8697 0.0673 0.4820 0.057 
H(6) 0.7689 0.2279 0.3724 0.048 
H(9) 0.2899 0.2923 0.0755 0.048 
H(lO) 0.2074 0.4389 -0.0476 0.056 
H(l2) 0.3461 0.7366 0.1414 0.051 
H(13) 0.4217 0.5908 0.2661 0.043 
H(l4A) 0.3132 0.7072 -0.0865 0.089 
H(l4B) 0.1927 0.7842 -0.0168 0.089 
H(14C) 0.1052 0.6683 -0.0864 0.089 
H(l6) 0.0210 0.3489 0.2699 0.045 
H(17) -0.2399 0.4749 0.2479 0.054 
H(18) -0.2567 0.6660 0.3394 0.061 
H(19) -0.0144 0.7317 0.4525 0.061 
H(20) 0.2523 0.6118 0.4700 0.051 
C(21 A) 0.2655 0.0598 0.1921 0.090 
C(21X) 0.2689 0.0314 0.1773 0.090 
H(22) 0.1491 -0.1526 0.2850 0.079 
H(23A) 0.0360 -0.0586 0.0924 0.072 
H(23B) -0.0187 -0.1980 0.1303 0.072 
H(24A) -0.1545 0.0437 0.1944 0.069 
H(24B) -0.2083 -0.0960 0.2337 0.069 
H(25A) -0.4215 -0.0365 0.0988 0.141 
H(25B) -0.3159 -0.1641 0.0714 0.141 
H(25C) -0.2616 -0.0258 0.0320 0.141 
H(25D) -0.3429 -0.0176 0.0302 0.141 
H(25E) -0.3852 -0.0574 0.1367 0.141 
H(25F) -0.3070 -0.1628 0.0668 0.141 
H(22X) 0.1699 -0.1081 0.3378 0.091 
H(23C) -0.0346 -0.2031 0.1949 0.068 
H(23D) -0.1286 -0.1053 0.2640 0.068 
H(24C) -0.0076 -0.0399 0.0839 0.079 
H(24D) -0.0862 0.0646 0.1551 0.079 
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Table 6. Torsion angles [0] for 234c. 
C( 6)-C( 1 )-C(2)-C(3) -0.4(3) N(1)-C(I)-C(2)-C(3) 17S.71(19) 
C( 6)-C(1 )-C(2)-C(21) 178.6(3) N (1 )-C( 1 )-C(2)-C(21) -S.2(3) 
C(1 )-C(2)-C(3)-C( 4) 0.6(3) C(21 )-C(2)-C(3)-C( 4) -178.4(3) 
C(2)-C(3)-C( 4 )-C( S) -0.3(4) C(3)-C( 4)-C(S)-C(6) -0.2(4) 
C( 4)-C( S)-C( 6)-C( 1) 0.4(3) C(2)-C(I)-C(6)-C(S) -0.1(3) 
N (1 )-C( 1 )-C( 6)-C( S) -176.2(2) C(6)-C(1 )-N(1 )-C(7) -76.6(3) 
C(2)-C(1 )-N(1 )-C(7) 107.2(2) C( I)-N (1 )-C(7)-C(8) 179.48(19) 
C( I)-N (1 )-C(7)-Se( 1 ) 0.1(3) N(1)-C(7)-C(8)-C(13) -143.0(2) 
Se( 1 )-C(7)-C(8)-C( 13) 36.4(3) N(I)-C(7)-C(8)-C(9) 3S.7(3) 
Se( 1 )-C(7)-C(8)-C(9) -144.94(17) C(13)-C(8)-C(9)-C(10) -0.2(3) 
C(7)-C(8)-C(9)-C(10) -179.0(2) C(8)-C(9)-C(1 0)-C(11) 0.6(4) 
C(9)-C(10)-C(11)-C(12) 0.0(4) C(9)-C(1O)-C(11)-C(14) 179.8(2) 
C(10)-C(11)-C(12)-C(13) -0.9(3) C(14)-C(11)-C(12)-C(13) 179.2(2) 
C(9)-C(8)-C( 13 )-C(12) -0.7(3) C(7)-C(8)-C( 13 )-C( 12) 178.03(19) 
C(11)-C(12)-C(13)-C(8) 1.3(3) N (1 )-C(7)-Se( 1 )-C( IS) -149.34(18) 
C(8)-C(7)-Se(1 )-C(1S) 31.31(17) C(7)-Se( 1 )-C( IS)-C( 16) 49.42(19) 
C(7)-Se( 1 )-C(1S)-C(20) -134.46(18) C(20)-C(1S)-C(16)-C(17) 1.S(3) 
Se(1 )-C(1S)-C(16)-C(17) 177.S6(17) C(1S)-C(16)-C(17)-C(18) -1.6(4) 
C(16)-C(17)-C(18)-C(19) 0.0(4) C(17)-C(18)-C( 19)-C(20) 1.S(4) 
C( 16)-C( IS)-C(20)-C( 19) 0.0(4) Se(1 )-C(1S)-C(20)-C(19) -176.11(19) 
C( 18)-C( 19)-C(20)-C( IS) -1.6(4) C(3 )-C(2)-C(21 )-C(22) 10.7(7) 
C(1 )-C(2)-C(21 )-C(22) -168.3(S) C(3)-C(2)-C(21 )-C(22X) 33.4(6) 
C(1 )-C(2)-C(21 )-C(22X) -14S.7(S) C(22X)-C(21 )-C(22)-C(23) 133.4(16) 
C(2)-C(21 )-C(22)-C(23) -170.8(4) C(21 )-C(22)-C(23 )-C(24) -103.0(8) 
C(22)-C(23)-C(24)-C(2S) -179.4(S) C(23 )-C(24 )-C(2S)-C(24 X) -41.0(S) 
C(22)-C(21 )-C(22X)-C(23 X) -41.3 (10) C(2)-C(21 )-C(22X)-C(23X) -178.8(6) 
C(21 )-C(22X)-C(23X)-C(24 X) -19 .O( 10) C(22X)-C(23X)-C(24X)-C(2S)-17S.2(S) 
C(24 )-C(2S)-C(24 X)-C(23 X) 37 .6( S) 
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Structure determination by single crystal X-ray crystallography of (Z)-phenyl N-2-(prop-l-
ynyl)phenyl-2-(pyridin-4-yl)propaneselenoimidate 333. The compound was placed in a small 
sample vial and dissolved in a minimal amount of hot ethyl acetate. The small sample vial 
was positioned in a larger sample vial containing light petroleum which was sealed. Crystals 
developed upon storage at room temperature for 24 h, and were submitted in the mother 
liquor. 
Table 1. Crystal data and structure refinement for 333. 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient ~ 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P2 I /c 
a = 22.0841 (7) A 
b = 10.4436(3) A 
c = 17.3447(5) A 
3851.0(2) A3 
8 
1.391 glcm3 
1.958 mm-I 
1648 
B = 105.705(2)° 
y=90° 
pale yellow, 0.88 x 0.58 x 0.28 mm3 
16766 (9 range 2.17 to 28.94°) 
Bruker SMART 1000 CCD diffractometer 
ID rotation with narrow frames 
1.92 to 28.95° 
h -29 to 29, k -13 to 13,1-23 to 23 
99.9% 
0% 
33124 
9267 (Riot = 0.0191) 
8050 
semi-empirical from equivalents 
0.278 and 0.610 
direct methods 
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Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Full-matrix least-squares on F2 
0.0315, 1.3635 
9267/0/473 
RI = 0.0249, wR2 = 0.0603 
RI = 0.0322, wR2 = 0.0632 
1.033 
0.001 and 0.000 
0.513 and -0.402 e A-3 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A2) 
for 333. Ueq is defined as one third of the trace of the orthogonalized uij tensor. 
x y Z Ueq 
N(1) 0.46367(5) -0.00738(11) 0.24855(7) 0.0228(2) 
C(l) 0.50039(6) -0.00047(14) 0.32928(9) 0.0222(3) 
C(2) 0.50219(6) -0.10584(13) 0.38006(8) 0.0221(3) 
C(3) 0.54341(7) -0.10356(15) 0.45764(9) 0.0261(3) 
C(4) 0.58202(7) 0.00122(16) 0.48401(9) 0.0295(3) 
C(5) 0.57967(7) 0.1 0558(15) 0.43335(9) 0.0296(3) 
C(6) 0.53940(7) 0.10532(14) 0.35650(9) 0.0266(3) 
C(7) 0.41763(6) 0.06584(13) 0.21905(8) 0.0207(3) 
C(8) 0.38072(6) 0.05370(13) 0.13144(8) 0.0215(3) 
C(9) 0.42038(7) -0.00651 (15) 0.08035(9) 0.0280(3) 
C(10) 0.32132(6) -0.02366(14) 0.12628(8) 0.0216(3) 
C(ll) 0.26195(7) 0.02538(15) 0.08938(8) 0.0255(3) 
C(12) 0.20928(7) -0.04954(17) 0.08578(9) 0.0311(3) 
N(2) 0.21149(6) -0.16827(14) 0.11501(8) 0.0328(3) 
C(13) 0.26879(7) -0.21482(16) 0.15005(10) 0.0317(3) 
C(14) 0.32443(7) -0.14743(14) 0.15750(9) 0.0260(3) 
Se(1) 0.388348(7) 0.187921 (16) 0.286448(9) 0.02878(5) 
C(lS) 0.32179(6) 0.27894(13) 0.21185(8) 0.0226(3) 
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C(16) 0.26029(7) 0.26405(14) 0.21712(9) 0.0263(3) 
C(17) 0.21219(7) 0.33699(16) 0.16864(9) 0.0306(3) 
C(18) 0.22510(8) 0.42442(15) 0.l1504(10) 0.0321(3) 
C(19) 0.28628(8) 0.43926(15) 0.10993(9) 0.0298(3) 
C(20) 0.33480(7) 0.36726(14) 0.15820(9) 0.0262(3) 
C(21) 0.46269(6) -0.21626(14) 0.35445(9) 0.0238(3) 
C(22) 0.43189(7) -0.31137(14) 0.33829(9) 0.0271(3) 
C(23) 0.39549(9) -0.42915(17) 0.31746(12) 0.0397(4) 
N(3) 0.04651(5) 0.22986(12) 0.25785(7) 0.0240(2) 
C(24) 0.01317(6) 0.21754(14) 0.17589(9) 0.0242(3) 
C(25) 0.01097(6) 0.32214(14) 0.l2422(9) 0.0237(3) 
C(26) -0.02531 (7) 0.31219(15) 0.04418(9) 0.0290(3) 
C(27) -0.05854(8) 0.20188(17) 0.01628(10) 0.0374(4) 
C(28) -0.05669(8) 0.10002(17) 0.06852( 1 0) 0.0398(4) 
C(29) -0.02169(7) 0.10739(16) 0.l4777(10) 0.0317(3) 
C(30) 0.09170(6) 0.l5660(13) 0.29119(8) 0.0209(3) 
C(31) 0.l2579(7) 0.l7429(14) 0.37941(8) 0.0229(3) 
C(32) 0.08171(8) 0.22920(17) 0.42593(10) 0.0330(3) 
C(33) 0.l8366(6) 0.25761(14) 0.38683(8) 0.0226(3) 
C(34) 0.24380(7) 0.21143(16) 0.42304(9) 0.0283(3) 
C(35) 0.29511(7) 0.29182(18) 0.43022(9) 0.0350(4) 
N(4) 0.29102(6) 0.41238(15) 0.40412(8) 0.0379(3) 
C(36) 0.23301(8) 0.45477(16) 0.36817(10) 0.0346(4) 
C(37) 0.17868(7) 0.38295(15) 0.35843(9) 0.0277(3) 
Se(2) 0.l23527(7) 0.029394(15) 0.229677(8) 0.02689(5) 
C(38) 0.l8194(7) -0.06633(13) 0.31148(8) 0.0228(3) 
C(39) 0.24447(7) -0.07311 (15) 0.31022(10) 0.0291(3) 
C(40) 0.28622(8) -0.l5042(17) 0.36551(11) 0.0395(4) 
C(41) 0.26604(9) -0.21715(17) 0.42255(11) 0.0455(5) 
C(42) 0.20373(9) -0.20955(16) 0.42427(10) 0.0407(4) 
C(43) 0.l6112(7) -0.13636(15) 0.36777(9) 0.0295(3) 
C(44) 0.04460(7) 0.43848(14) 0.l5233(9) 0.0253(3) 
C(45) 0.07187(7) 0.53673(14) 0.17323(9) 0.0279(3) 
C(46) 0.10444(9) 0.65710(16) 0.20091(11) 0.0388(4) 
191 
Table 3. Bond lengths [A] and angles [0] for 333. 
N(1}-C(7) 1.2644(18) N(1)-C(l) 1.4173(18) 
C(1)-C(6) 1.402(2) C(1)-C(2) 1.403(2) 
C(2}-C(3) 1.4059(19) C(2)-C(21) 1.442(2) 
C(3)-C(4) 1.386(2) C(4)-C(5) 1.392(2) 
C(5)-C(6) 1.388(2) C(7)-C(8) 1.5229(19) 
C(7)-Se(l) 1.9544(14) C(8)-C(10) 1.5225(19) 
C(8)-C(9) 1.539(2) C(10)-C(11) 1.392(2) 
C(10)-C(14) 1.396(2) C(11 )-C(12) 1.389(2) 
C(12)-N(2) 1.336(2) N(2)-C(13) 1.338(2) 
C(13)-C(14) 1.391(2) Se(1 )-C(15) 1.9258(14) 
C(15)-C(20) 1.394(2) C(15)-C(16) 1.394(2) 
C( 16)-C( 17) 1.390(2) C(17)-C(18) 1.387(2) 
C(lS)-C(19) 1.386(2) C(19)-C(20) 1.389(2) 
C(2l)-C(22) 1.194(2) C(22)-C(23) 1.460(2) 
N(3)-C(30) 1.2662(18) N(3)-C(24) 1.4188(18) 
C(24)-C(29) 1.397(2) C(24 )-C(25) 1.405(2) 
C(25)-C(26) 1.406(2) C(25)-C(44) 1.439(2) 
C(26)-C(27) 1.381(2) C(27)-C(28) 1.391(2) 
C(2S)-C(29) 1.385(2) C(30)-C(31) 1.5226(19) 
C(30)-Se(2) 1.9502(14) C(31 )-C(3 3) 1.5225(19) 
C(31)-C(32) 1.534(2) C(33)-C(37) 1.392(2) 
C(33)-C(34) 1.393(2) C(34)-C(35) 1.389(2) 
C(35)-N(4) 1.333(2) N(4)-C(36) 1.339(2) 
C(36)-C(37) 1.386(2) Se(2)-C(38) 1.9198(14) 
C(38)-C(39) 1.389(2) C(38)-C(43) 1.394(2) 
C(39)-C( 40) 1.394(2) C( 40)-C( 41) 1.379(3) 
C(41)-C(42) 1.387(3) C(42)-C(43) 1.390(2) 
C(44)-C(45) 1.195(2) C( 45)-C( 46) 1.463(2) 
C(7)-N(1 )-C(l) 123.46(12) C(6)-C(1)-C(2) 119.74(13) 
C(6)-C(1)-N(I) 120.52(13) C(2)-C(1)-N(I) 119.45(12) 
C(1 )-C(2)-C(3) 119.24(13) C(1)-C(2)-C(21) 121.45(13) 
C(3)-C(2)-C(21) 119.31(13) C( 4)-C(3)-C(2) 120.68(14) 
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C(3)-C(4)-C(S) 119.67(14) C(6)-C(S)-C(4) 120.63(14) 
C( S)-C( 6)-C(1) 120.04(14) N (1 )-C(7)-C(8) 120.S4(12) 
N(I)-C(7)-Se(l) 120.83(11) C(8)-C(7)-Se(1 ) 118.47(9) 
C(10)-C(8)-C(7) 108.83(11) C( 1 0)-C(8)-C(9) 111.40(11) 
C(7)-C(8)-C(9) 111.98(11) C(11)-C(10)-C(14) 117.42(13) 
C(11 )-C(1 0)-C(8) 121.41(13) C(14)-C(10)-C(8) 121.16(13) 
C(12)-C(11)-C(10) 119.11(IS) N(2)-C(12)-C(II) 124.19(IS) 
C(12)-N(2)-C(13) 116.26(13) N(2)-C(13)-C(14) 124.14(1S) 
C(13)-C(14)-C(1O) 118.87(14) C( IS)-Se( 1 )-C(7) 103.6S(6) 
C(20)-C(IS)-C(16) 119.86(13) C(20)-C(IS)-Se(1 ) 121.1S(II) 
C(16)-C(IS)-Se(l) 118.73(11) C(17)-C(16)-C(IS) 119.8S(14) 
C(18)-C(17)-C(16) 120.28(14) C(19)-C(18)-C(17) 119.82(14) 
C(18)-C(19)-C(20) 120.47(1S) C(19)-C(20)-C(1S) 119.72(14) 
C(22)-C(21 )-C(2) 17S.46(16) C(21 )-C(22)-C(23) 178.42(17) 
C(30)-N(3)-C(24) 122.27(13) C(29)-C(24 )-C(2S) 119.79(13) 
C(29)-C(24 )-N (3) 120.80(13) C(2S)-C(24)-N (3) 119.17(13) 
C(24 )-C(2S)-C(26) 118.9S(13) C(24 )-C(2S)-C( 44) 120.98(13) 
C(26)-C(2S)-C( 44) 120.06(13) C(27)-C(26)-C(2S) 120.94(14) 
C(26)-C(27)-C(28) 119.39(1S) C(29)-C(28)-C(27) 120.9S(IS) 
C(28)-C(29)-C(24) 119.9S(14) N(3)-C(30)-C(31) 119.99(13) 
N(3)-C(30)-Se(2) 121.20(11) C(31 )-C(30)-Se(2) 118.62(10) 
C(33)-C(31)-C(30) 109.2S(11) C(33)-C(31)-C(32) 112.31(12) 
C(30)-C(31)-C(32) 111.24(12) C(37)-C(33)-C(34) 117.3S(14) 
C(37)-C(33)-C(31) 121.SS(13) C(34)-C(33)-C(31) 121.09(13) 
C(3S)-C(34 )-C(3 3) 119.11(1S) N( 4)-C(3S)-C(34) 124.20(IS) 
C(3S)-N( 4)-C(36) 116.03(14) N(4)-C(36)-C(37) 124.43(16) 
C(36)-C(37)-C(33) 118.86(1S) C(38)-Se(2)-C(30) 102.71(6) 
C(39)-C(38)-C(43) 120.14(14) C(39)-C(38)-Se(2) 119.1S(11) 
C(43)-C(38)-Se(2) 120.S2(11) C(38)-C(39)-C(40) 119.61(16) 
C( 41 )-C( 40)-C(3 9) 120.28(16) C(40)-C(41)-C(42) 120.12(16) 
C( 41 )-C( 42)-C( 43) 120.18(17) C( 42)-C( 43)-C(38) 119.60(1S) 
C( 4S)-C( 44)-C(2S) 177.87(16) C( 44)-C( 4S)-C( 46) 178.2S(17) 
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Table 4. Hydrogen coordinates and isotropic displacement parameters (A2) for 333. 
x y z u 
H(3) 0.5448 -0.1745 0.4923 0.031 
H(4) 0.6099 0.0018 0.5364 0.035 
H(5) 0.6059 0.1777 0.4516 0.036 
H(6) 0.5383 0.1769 0.3223 0.032 
H(8) 0.3679 0.1415 0.1103 0.026 
H(9A) 0.4567 0.0483 0.0820 0.042 
H(9B) 0.3947 -0.0149 0.0249 0.042 
H(9C) 0.4350 -0.0913 0.1016 0.042 
H(ll) 0.2575 0.1090 0.0670 0.031 
H(12) 0.1691 -0.0140 0.0609 0.037 
H(13) 0.2717 -0.2992 0.1712 0.038 
H(14) 0.3639 -0.1850 0.1834 0.031 
H(16) 0.2513 0.2042 0.2538 0.032 
H(17) 0.1703 0.3269 0.1723 0.037 
H(18) 0.1921 0.4740 0.0819 0.038 
H(19) 0.2951 0.4991 0.0731 0.036 
H(20) 0.3767 0.3781 0.1547 0.031 
H(23A) 0.3639 -0.4180 0.2660 0.060 
H(23B) 0.3744 -0.4488 0.3590 0.060 
H(23C) 0.4237 -0.4997 0.3134 0.060 
H(26) -0.0270 0.3823 0.0088 0.035 
H(27) -0.0824 0.1956 -0.0381 0.045 
H(28) -0.0798 0.0243 0.0496 0.048 
H(29) -0.0214 0.0376 0.1830 0.038 
H(31) 0.1403 0.0882 0.4023 0.027 
H(32A) 0.1052 0.2425 0.4820 0.050 
H(32B) 0.0472 0.1690 0.4233 0.050 
H(32C) 0.0646 0.3111 0.4022 0.050 
H(34) 0.2496 0.1261 0.4426 0.034 
H(35) 0.3357 0.2588 0.4553 0.042 
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H(36) 0.2288 0.5398 0.3480 0.042 
H(37) 0.1387 0.4186 0.3328 0.033 
H(39) 0.2587 -0.0253 0.2719 0.035 
H(40) 0.3288 -0.1572 0.3639 0.047 
H(41) 0.2949 -0.2684 0.4607 0.055 
H(42) 0.1901 -0.2545 0.4642 0.049 
H(43) 0.1181 -0.1341 0.3675 0.035 
H(46A) 0.0735 0.7261 0.1957 0.058 
H(46B) 0.1332 0.6772 0.1684 0.058 
H(46C) 0.1284 0.6486 0.2572 0.058 
Table 5. Torsion angles [0] for 333. 
C(7)-N (1 )-C( 1 )-C( 6) -68.20(19) C(7)-N(1 )-C(1 )-C(2) 117.92(15) 
C(6)-C(1)-C(2)-C(3) -0.2(2) N(1)-C(1)-C(2)-C(3) 173.75(12) 
C( 6)-C(1 )-C(2)-C(21) 179.78(13) N(I)-C(1)-C(2)-C(21) -6.3(2) 
C( 1 )-C(2)-C(3)-C( 4) -0.1(2) C(21 )-C(2)-C(3)-C( 4) 179.97(13) 
C(2)-C(3)-C( 4)-C(5) 0.4(2) C(3)-C(4)-C(5)-C(6) -0.5(2) 
C( 4)-C( 5)-C( 6)-C(1) 0.2(2) C(2)-C( 1 )-C( 6)-C( 5) 0.1(2) 
N (1 )-C( 1 )-C( 6)-C( 5) -173.77(13) C( 1 )-N (1 )-C(7)-C(8) 179.36(12) 
C(1)-N (1 )-C(7)-Se(1) -5.30(19) N(1 )-C(7)-C(8)-C(1 0) 98.79(15) 
Se(1 )-C(7)-C(8)-C(1 0) -76.67(13) N (1 )-C(7)-C(8)-C(9) -24.81(18) 
Se(1 )-C(7)-C(8)-C(9) 159.73(10) C(7)-C(8)-C( 1 0)-C(11) 123.28(14) 
C(9)-C(8)-C(1 0)-C(11) -112.77(15) C(7)-C(8)-C( 1 0)-C(14) -57.61(17) 
C(9)-C(8)-C( 1 O)-C( 14) 66.33(17) C(14)-C(10)-C(11)-C(12) 0.4(2) 
C(8)-C(10)-C(II)-C(12) 179.53(13) C(10)-C(11)-C(12)-N(2) -0.8(2) 
C(11)-C(12)-N(2)-C(13) 0.4(2) C(12)-N(2)-C(13)-C(14) 0.2(2) 
N(2)-C(13)-C(14)-C(10) -0.5(2) C(II)-C(10)-C(14)-C(13) 0.2(2) 
C(8)-C( 1 O)-C( 14)-C( 13) -178.95(13) N(1 )-C(7)-Se(1 )-C(15) 177.09(11) 
C(8)-C(7)-Se(1 )-C(15) -7.46(11) C(7)-Se(1 )-C(15)-C(20) -72.43(12) 
C(7)-Se( 1 )-C( 15)-C( 16) 113.44(11) C(20)-C( 15)-C( 16)-C( 17) 0.2(2) 
See 1 )-C(15)-C(16)-C(17) 174.46(11) C( 15)-C( 16)-C( 1 7)-C( 18) 0.0(2) 
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C(16)-C( 17)-C(18)-C(19) -0.1(2) C(17)-C(18)-C(19)-C(20) -0.1(2) 
C( 18)-C( 19)-C(20)-C( 15) 0.4(2) C( 16)-C( 15)-C(20)-C( 19) -0.4(2) 
Se(1 )-C(15)-C(20)-C(19) .q 74.51 (11) C( 1 )-C(2)-C(21 )-C(22) 179(100) 
C(3)-C(2)-C(21 )-C(22) -2(2) C(2)-C(21 )-C(22)-C(23) -94(7) 
C(30)-N(3)-C(24)-C(29) 63.9(2) C(3 O)-N (3 )-C(24 )-C(25) -121.66(15) 
C(29)-C(24)-C(25)-C(26) -1.6(2) N (3 )-C(24 )-C(25)-C(26) -176.14(13) 
C(29)-C(24 )-C(25)-C( 44) 177.76(14) N(3)-C(24)-C(25)-C( 44) 3.2(2) 
C(24)-C(25)-C(26)-C(27) 0.2(2) C(44)-C(25)-C(26)-C(27) -179.22(15) 
C(25)-C(26)-C(27)-C(28) 0.9(3) C(26)-C(27)-C(28)-C(29) -0.5(3) 
C(27)-C(28)-C(29)-C(24) -1.0(3) C(25)-C(24)-C(29)-C(28) 2.0(2) 
N (3)-C(24 )-C(29)-C(28) 176.46(15) C(24)-N(3)-C(30)-C(31) 180.00(12) 
C(24)-N(3)-C(30)-Se(2) 5.13(19) N(3)-C(30)-C(31 )-C(33) -94.79(15) 
Se(2)-C(3 0)-C(31 )-C(3 3) 80.21(13) N(3)-C(30)-C(31 )-C(32) 29.76(18) 
Se(2)-C(30)-C(31)-C(32) -155.24(10) C(30)-C(31)-C(33)-C(37) 61.47(17) 
C(32)-C(31)-C(33)-C(37) -62.46(18) C(30)-C(31 )-C(33)-C(34) -119.06(14) 
C(32)-C(31)-C(33)-C(34) 117.01(15) C(37)-C(33)-C(34)-C(35) 1.0(2) 
C(31 )-C(33)-C(34)-C(35) -178.47(13) C(33)-C(34)-C(35)-N( 4) -0.3(2) 
C(34)-C(35)-N( 4)-C(36) -0.8(2) C(3 5)-N ( 4 )-C(3 6)-C(3 7) 1.3(2) 
N( 4)-C(36)-C(37)-C(33) -0.6(2) C(34 )-C(3 3 )-C(3 7)-C(36) -0.6(2) 
C(31 )-C(3 3 )-C(3 7)-C(3 6) 178.90(14) N(3)-C(30)-Se(2)-C(38) -172.38(11) 
C(31 )-C(30)-Se(2)-C(38) 12.68(11) C(30)-Se(2)-C(38)-C(39) -121.35(12) 
C(30)-Se(2)-C(38)-C(43) 63.60(13) C( 43)-C(38)-C(39)-C( 40) 0.1(2) 
Se(2)-C(38)-C(39)-C( 40) -175.00(11) C(3 8)-C(3 9)-C( 40)-C( 41) -1.8(2) 
C(39)-C( 40)-C( 41 )-C( 42) 1.2(3) C( 40)-C( 41 )-C( 42)-C( 43) 1.0(3) 
C( 41 )-C( 42)-C( 43)-C(38) -2.7(2) C(39)-C(38)-C(43)-C(42) 2.1(2) 
Se(2)-C(38)-C( 43)-C( 42) 177.15(12) C(24)-C(25)-C(44)-C(45) 178(100) 
C(26)-C(25)-C( 44 )-C( 45) -2(4) C(25)-C( 44 )-C( 45)-C( 46) 132(6) 
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Structure detennination by single crystal X-ray crystallography of N I ,N2 -bis(2-
iodophenyl)oxalimide phenylselanide 345. The compound was placed in a small sample vial 
and dissolved in a minimal amount of hot ethyl acetate. The small sample vial was positioned 
in a larger sample vial containing light petroleum which was sealed. Crystals developed upon 
storage at room temperature for 24 h, and were submitted in the mother liquor. 
Table 1. Crystal data and structure refinement for 345. 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient J.t 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
8 range for data collection 
Index ranges 
Completeness to 8 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P2t1c 
a = 6.8532(4) A 
b = 9.3354(6) A 
c = 19.3797(12) A 
1230.11(13) A3 
2 
2.079 g/cm3 
5.533 mm-I 
724 
a=90° 
~ = 97.192(2)° 
y=90° 
yellow, 0.21 x 0.20 x 0.07 mm3 
6388 (8 range 2.43 to 29.05°) 
Bruker SMART 1000 CCD diffractometer 
co rotation with narrow frames 
2.12 to 29.12° 
h -9 to 9, k -12 to 12,1-25 to 26 
99.8% 
0% 
10622 
2993 (Rin! = 0.0187) 
2550 
semi-empirical from equivalents 
0.390 and 0.698 
direct methods 
Full-matrix least-squares on F2 
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Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F2>2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest diff. peak and hole 
0.0235,0.4826 
2993/0/145 
RI = 0.0192, wR2 = 0.0431 
RI = 0.0271, wR2 = 0.0464 
1.043 
0.002 and 0.000 
0.586 and -0.371 e A-3 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A2) 
for 345. Ueq is defined as one third of the trace of the orthogonalized uij tensor. 
x y Z Ueq 
1(1) 0.47910(2) 0.457625(16) 0.374088(8) 0.02971(6) 
C(1) 0.2533(3) 0.5914(2) 0.32807(11) 0.0237(4) 
C(2) 0.0768(3) 0.5991(2) 0.35673(10) 0.0218(4) 
C(3) -0.0741(3) 0.6859(2) 0.32478(12) 0.0271(5) 
C(4) -0.0458(4) 0.7660(3) 0.26696(13) 0.0318(5) 
C(5) 0.1324(4) 0.7618(3) 0.23993(13) 0.0343(6) 
C(6) 0.2816(4) 0.6751(3) 0.27079(11 ) 0.0299(5) 
N(1) 0.0413(3) 0.5110(2) 0.41308(9) 0.0226(4) 
C(7) 0.0332(3) 0.5530(2) 0.47466(11) 0.0199(4) 
Se(1) 0.09329(4) 0.73648(2) 0.519648(12) 0.02760(7) 
C(8) 0.2509(3) 0.8332(2) 0.45808(11) 0.0233(4) 
C(9) 0.1702(4) 0.9414(2) 0.41427(12) 0.0292(5) 
C(10) 0.2893(4) 1.0214(3) 0.37680(14) 0.0378(6) 
C(ll) 0.4900(4) 0.9947(3) 0.38294(13) 0.0396(6) 
C(12) 0.5707(4) 0.8871(3) 0.42716(12) 0.0319(5) 
C(13) 0.4519(3) 0.8072(2) 0.46500(11) 0.0268(5) 
198 
Table 3. Bond lengths [A] and angles [0] for 345. 
I(l}-C(1) 2.099(2) C(1}-C(6) 1.391(3) 
C(1)-C(2) 1.395(3) C(2)-C(3) 1.396(3) 
C(2}-N(1) 1.412(3) C(3}-C(4) 1.381(3) 
C(4)-C(5) 1.388(4) C(5)-C(6) 1.380(4) 
N(1}-C(7) 1.264(3) C(7)-C(7') 1.505(4) 
C(7}-Se(1) 1.942(2) Se(1)-C(8) 1.931(2) 
C(8}-C(9) 1.388(3) C(8)-C(13) 1.389(3) 
C(9}-C(10) 1.378(4) C(10)-C(11) 1.388(4) 
C(11)-C(12) 1.390(4) C(12)-C(13) 1.381(3) 
C(6}-C(1)-C(2) 120.2(2) C(6)-C(I)-I(1) 120.30(17) 
C(2)-C( 1 )-I( 1) 119.46(16) C(l )-C(2)-C(3) 119.0(2) 
C(I}-C(2)-N(1) 121.3(2) C(3)-C(2)-N(1) 119.41(19) 
C( 4 }-C(3 )-C(2) 120.2(2) C(3 )-C( 4 }-C( 5) 120.7(2) 
C(6}-C(5)-C(4) 119.5(2) C( 5)-C( 6}-C(1) 120.4(2) 
C(7}-N(1 }-C(2) 125.54(19) N (1 )-C(7}-C(7') 117.7(2) 
N(1 }-C(7}-Se(l) 131.74(16) C(7')-C(7)-Se( 1) 110.58(19) 
C(8)-Se(1)-C(7) 103.80(9) C(9)-C(8)-C(13) 120.0(2) 
C(9)-C(8)-Se(1 ) 120.49(18) C(13)-C(8)-Se(1 ) 118.89(17) 
C(10)-C(9)-C(8) 120.0(2) C(9)-C(10)-C(11) 120.2(2) 
C(10)-C(II)-C(12) 119.8(2) C(13)-C(12)-C(11) 120.1(2) 
C(12)-C(13)-C(8) 119.9(2) 
Symmetry operations for equivalent atoms 
, 
-x,-y+1,-z+1 
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Table 4. Hydrogen coordinates and isotropic displacement parameters (A 2) for 345. 
x y 
H(3) -0.1966 0.6899 0.3429 
H(4) -0.1493 0.8245 0.2454 
H(5) 0.1515 0.8181 0.2005 
H(6) 004043 0.6726 0.2528 
H(9) 0.0330 0.9602 004101 
H(10) 0.2339 1.0951 0.3467 
H(11) 0.5718 1.0498 0.3570 
H(12) 0.7080 0.8685 0.4314 
H(13) 0.5075 0.7345 0.4957 
Table 5. Torsion angles [0] for 345. 
C(6)-C(I)-C(2)-C(3) 3.5(3) 
C( 6)-C( 1 )-C(2)-N (1) 177.4(2) 
C(1)-C(2)-C(3)-C( 4) -2.0(3) 
C(2)-C(3 )-C( 4 )-C( 5) -0.2(4) 
C(4)-C(5)-C(6)-C(1) 0.7(4) 
I( 1 )-C( 1 )-C( 6)-C( 5) 179.19(18) 
C(3)-C(2)-N (1 )-C(7) -76.6(3) 
C(2)-N(I)-C(7)-Se(l) -804(3) 
C(7')-C(7)-Se(1 )-C(8) 162.20(19) 
C(7)-Se( 1 )-C(8)-C( 13) -84.98(18) 
Se(1 )-C(8)-C(9)-C(1 0) 172.13(19) 
C(9)-C(10)-C(11)-C(12) -0.2(4) 
C(l1)-C(12)-C(13)-C(8) 0.9(4) 
Se(1)-C(8)-C(13)-C(12) -172.56(17) 
Symmetry operations for equivalent atoms 
, -x,-y+l,-z+l 
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z u 
0.032 
0.038 
0.041 
0.036 
0.035 
0.045 
0.048 
0.038 
0.032 
I( 1 )-C(1 )-C(2)-C(3) -178.54(16) 
1(1 )-C(1)-C(2)-N(1) -4.7(3) 
N(I)-C(2)-C(3)-C(4) -176.0(2) 
C(3 )-C( 4 )-C( 5)-C( 6) 0.8(4) 
C(2)-C( 1 )-C( 6)-C( 5) -2.9(3) 
C(1)-C(2)-N(1)-C(7) 109.5(3) 
C(2)-N (1 )-C(7)-C(7') 171.9(2) 
N (1 )-C(7)-Se( 1 )-C(8) -17.6(2) 
C(7)-Se( 1 )-C(8)-C(9) 103.81(19) 
C(13)-C(8)-C(9)-C(10) 1.0(3) 
C(8)-C(9)-C(1 0)-C(11) -0.3(4) 
C(10)-C(11)-C(12)-C(13) -0.1(4) 
C(9)-C(8)-C( 13 )-C( 12) -1.3(3) 
r-----------------------------------....... 
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Abstract: Imidoyl radicals, generated from imidoyl phenylselanide 
precursors, have been used for the synthesis of 2,3-disubstituted in-
doles. A facile high yielding synthesis of imidoyl phenylselanides 
has been developed. The potential for neophyl rearrangement of 5-
exo radical intermediates to 6-endo radical intermediates is dis-
cussed. 
Key words: radicals, radical reactions, indoles, cycIizations, rear-
rangements 
Procedures have been developed for converting a wide 
range of functional groups into radicals for synthesis.! 
One of the functional groups that has been little studied is 
the use of amides. We were attracted to the use of amides 
because of the wide diversity facilitated by joining differ-
ent carboxylic acids and amines. The aim of our study was 
to use ami des as precursors for the generation of imidoyl 
radicals. We report our initial results, which test the pro-
tocol on the synthesis of 2,3-disubstituted indoles using 
imidoyl phenyl selanides (N-substituted-selenoacylimidic 
acid phenyl esters) as imidoyl radical precursors. 
Carboxamides have been used in previous studies as start-
ing materials for radicals.2-4 In these studies, the carboxa-
mides are easily converted using Lawesson' s reagent into 
thioamides which act as the radical precursors. Radicals 
add onto the S-atom of the thioamides to yield intermedi-
ate C-centered radicals which are able to undergo cycliza-
tion onto alkenes,2,3 and under more forcing conditions, 
onto alkynes.4 These radicals are considered to act as 'im-
idoyl equivalents' and have been successfully used for the 
synthesis of indoles.3 Indoles have also been synthesized 
using imidoyl radicals, generated by addition of radicals 
onto isonitriles.5 We considered that these studies on in-
doles provided a good initial model for testing our proto-
col. 
Other methodologies have also been used for generating 
intermediate imidoyl radicals.6 A notable application of 
the addition of radicals to isonitriles are the studies report-
ed by Curran for the syntheses of camptothecin and ana-
logues.7 
We considered that imidoyl selanides which have been 
reported8-1O to act as precursors for imidoyl radicals 
would be most facile for developing our synthetic proto-
SYNLEIT 2004, No. 11, pp 1905-1908 
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cols. Radical reagents such as tributyltin hydride (via 
Bu3Sn') are able to abstract the phenylselanide group in 
SH2 reactions. The amides were converted into the respec-
tive a-chloro-imines using phosgene. 11 Safe use of phos-
gene was facilitated by purchase as a sealed made-up 
solution in toluene. The a-chloro-imines were used with-
out purification. A variety of methods8-IO·!2 have been 
used to introduce the selanide group and we wished a fac-
ile reliable method. In order to avoid use of foul smelling 
phenylselanol, diphenyl diselanide was reduced in situ 
with K-Selectride® to the potassium salt of phenylselanide 
and added directly to the imidoyl chloride. The imidoyl 
selanides were formed in ca. quantitative yields but lower 
yields of pure isolated precursors were obtained after the 
required purification by rapid chromatography to remove 
unreacted diphenyl diselanide. Some hydrolysis takes 
place on both silica and alumina. 
Z ~CHO ZCHJ>Ph~ ~I f ~ ~N~ THF UN~ EtCH 
4 5 
Z ~ f RCOCI. CHC!2 U.,u Et3N.DMAP • 
NH2 
3 •• Z .. C~Et (77%) 
b. Z = Pr (75%) 
c. Z .. Ph (94%) 
6 
Scheme 1 Synthesis of imidoyl phenyl selanides 6 as precursors for 
imidoyl radicals 
The required starting amides 4 were prepared by standard 
procedures from o-nitrobenzaldehyde (1) in high yields 
(Scheme 1). The stereochemistry of the alkenes was a 
mixture of E/Z isomers throughout. The ami des were con-
verted in good yields into the corresponding imidoyl sela-
nides except for R = Bn (Table 1). For 6 (R = Bn), large 
amounts of the starting amides 4 (R = Bn) were recovered 
from chromatographic purification suggesting some tau-
tomerism to the respective ketimines followed by hydro-
lysis. 
A representative range of imidoyl selanides were prepared 
in order to observe the effect of different groups on the 
cyclization; 6a with Z = C02Et (electron-withdrawing), 
6b with Z = propyl (electron-donating) and 6c with 
1906 W. R. Bowman et at. 
Table 1 Synthesis of Imidoyl Selanide Radical Precursors 
Aniline Amide 
3a 
3b 
4a,R=p-Tol 
R = p-CI-C6H4 
R=Bn 
R=Me 
4b, R=p-Tol 
R=Bn 
R=Me 
3c 4c, R = p-Tol 
R=Me 
• Yields were not optimized. 
Yield" 
42% 
25% 
56% 
68% 
89% 
66% 
72% 
64% 
71% 
Imidoyl selanide 
6a, R=p-Tol 
R = p-CI-C6H4 
R=Bn 
R=Me 
6b, R =p-Tol 
R=Bn 
R=Me 
6c, R =p-Tol 
R=Me 
Yield" 
64% 
67% 
23% 
50% 
52% 
27% 
43% 
41% 
68% 
Z = phenyl (aromatic); R = electron-rich and electron-
poor arenes, benzyl and methyl groups. 
The reactions with imidoyl selanide precursors were per-
formed under standard BU3SnH radical conditions. Sy-
ringe pump addition was used to provide a low [Bu3SnH] 
to ensure cyclization over reduction of the imidoyl radi-
cals. Later studies indicated that the reactions were very 
fast, and that the BU3SnH could be added in one portion at 
the start. No traces of uncyclized reduced products (im-
ines) were detected. The reaction mechanisms are shown 
in Scheme 2 and the results in Table 2. Most reactions 
were not optimized but moderate to excellent yields of in-
doles were obtained. Although never detected, we assume 
that the 3H-indole intermediates 10 are first formed and 
rapidly tautomerize to the indoles 11. Imidoyl radicals, as 
for acyl radicals, are nucleophilic and cyclize fastest onto 
the electron-deficient a,p-unsaturated esters but also cy-
c1ize onto the electron-rich propyl- and phenyl-alkenes. 
9 10 11 
Scheme 2 Cyclization of imidoyl phenyl selanides 6 to yield 2,3-di-
substituted indoles 11 
The use of triethylborane (Et3B) in place of AIBN as the 
radical initiator was investigated. A sample reaction with 
6b (R = Me) was carried out at room temperature using 
Et3B instead of AIBN as initiator and resulted in equally 
good yields [81 % (Et3B), 73% (AIBN)]. 
The stereochemistry of the imidoyl radicals, which con-
tain the unpaired electron in a Sp2 orbital, is of impor-
tance. 13.14 NOESY NMR studies indicate that the 
phenylselanide group is anti to the N-substituent in the 
imidoyl selanides (e.g. 6, in Scheme 2). Therefore, the im-
Synlett 2004, No. 11, 1905-1908 © Thieme Stuttgart· New York 
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Table 2 Radical Cyclizations to 2,3-Disubstituted Indoles 
Precursor Products Yields Conditions· 
6a, R=p-Tol lla, R = p-Tol 95% b 
6a, R = p-CI-C6H4 lla, R = p-C1-C6H4 92% b 
6a, R= Bn lla, R= Bn 98% 
6a, R=Me lla,R= Me 98% b 
6b, R=p-Tol llb, R = p-Tol lO%d b 
17a, R = p-Tol 39% 
17b, R = p-Tol 6% 
6b, R=p-Tol llb, R = p-Tol 66% 
6b, R = Bn llb, R = Bn 15%d 
17a,R=Bn 22% 
6b, R= Bn llb,R=Bn 52% 
6b,R=Me llb,R=Me 9% b 
17a,R=Me 35% 
6b,R=Me llb,R=Me 73% 
6c,R=p-Tol llc, R = p-Tol 70% 
6c,R=Me llc,R= Me 80% 
• All reactions were carried out in toluene as the solvent under an at-
mosphere of nitrogen with [imidoyl selanide] = 10 mM. 
b Syringe pump addition of Bu3SnH (2.2 equiv) and portion-wise ad-
dition of AlBN (1.0 equiv) over 6 h. 
c Bu3SnH (2.2 equiv, 20 mM) added and AlBN (0.1 equiv) in one por-
tion at the beginning of the reaction. 
d The% yield was calculated using 'H NMR spectroscopy. 
idoyl radicals will initially have the two substituents in the 
syn position 7, which is not favorable for cyclization. Al-
though the Iiteraturel3 indicates that the barrier to inver-
sion between syn and anti imidoyl radicals is higher than 
that for vinyl radicals, the rate of inversion and cyclization 
must be more rapid than the rate of the bimolecular reac-
tion with Bu3SnH, even at high [Bu3SnH]. 
The observation of quinoline products for the alkyl (Pr) 
substituted alkenes 6b requires explanation (Scheme 3). 
When the reactions were carried out at low [Bu3SnH] us-
ing a syringe pump in order to facilitate cyclization over 
reduction of the intermediate imidoyl radical, the main 
products were the quinolines 17a and 17b. These results 
suggest a competition between 5-exo- and 6-endo cycliza-
tion or a rapid neophyl rearrangement of the 5-exo inter-
mediate 13 via 15 to the more stable 6-endo intermediate 
14. At high [Bu3SnH], when all the Bu3SnH was added in 
one portion at the beginning of the reaction, only high 
yields of the indole resulting from 5-exo cyclization were 
observed. We suggest that this indicates that the increased 
rate of trapping of the 5-exo radical 13 prevents the neo-
phyl rearrangement (see Scheme 3). 
These results could also be explained by a reversible ring-
opening of the 5-exo radical 13 to allow a slower 6-endo 
cyclization to the stable benzylic radical 14 (Scheme 3). 
However, this would require the breaking of a strong Sp2 
LETTER Synthesis of Indoles Using Cyclization of Imidoyl Radicals 1907 
14 17. a. Pr 
bzH 
Scheme 3 Mechanism of the cycJization of imidoyl selanide 6 to 
yield 5-exo and 6-endo products 
hydridized bond, which suggests reversibility is unlikely, 
but cannot be ruled out. 
No quinoline products were observed for the ester- and 
aryl-substituted alkenes 6a and 6c, respectively. In the 
former, the 5-exo radical 9a is electrophilic and will react 
rapidly with the nucleophilic Bu3SnH. Compound 9a will 
also react very slowly via 3-exo cyclization onto the elec-
trophilic a-carbon atom of the imine required for a neo-
phyl rearrangement, thereby preventing rearrangement. In 
the aryl substituted reaction, a benzylically stabilized 5-
exo radical 9c results and hence there is no driving force 
for a neophyl rearrangement. 
In the reactions of 6b at low [Bu3SnH], a number of un-
identified products also were observed. Overall, the yields 
were less favorable, indicating a number of different side 
reactions. Surprisingly, aromatization of the 6-endo radi-
cal14 (R = p-to!) has sufficient driving force to eliminate 
propyl radicals to yield 17b (R = p-tol). The aromatiza-
tion by loss of hydrogen [H] to yield the aromatic 2,3-di-
substituted quinolines 17a is a now well-known 
phenomenon in Bu3SnH-facilitated reactions. IS 
Our preliminary results indicate that imidoyl selanides are 
good easily accessible precursors for generating imidoyl 
radicals and provide a useful protocol for the synthesis of 
2,3-disubstituted indoles. We are extending our studies to 
more complex systems and cascade reactions for the syn-
thesis of natural products. 
Preparation oflmidoyl Phenyl Selanides. 3-{2-[(Phenylselanyl-
p-tolyl-methylene)-amino]-phenyl}acryJic Acid Ethyl Ester [6a, 
(R = p-toI)). 
Phosgene [20% w/w toluene solution] (6.39 mL. 12.13 mmol) and 
DMF (5 drops) were added to a solution of 3-[2-(4-methyl-benzoyl-
amino)phenyl]acrylic acid ethyl ester 4a (R = p-tol) (1.50 g. 4.85 
mmol) in anhyd CH2CI2 (40 mL). The reaction mixture was stirred 
at r.t for 4 h. The solution of the imidoyl chloride was evaporated 
to dryness and the product re-dissolved in anhyd THF (50 mL). A 
solution of 'potassium phenylselanate' was prepared by adding K-
Selectride® (l M THF solution; 4.60 mL. 4.60 mmol) to diphenyl 
diselanide (0.68 g. 2.18 mmol) in anhyd THF (50 mL). This solution 
was added to the solution of the imidoyl chloride in THF. The reac-
tion was stirred for 2 h at r.t.. HP and CH2CI2 added and separated. 
The CH2CI2 solution was dried and evaporated to dryness. The res-
idue was purified by flash silica column chromatography to yield 
the imidoyl selanide 6a (R = p-tol) as a yellow oil (1.24 g. 64%). IR 
(neat): 3056. 2976. 1707. 1628. 1592. 1474. 1314. 1267. 1I72. 
1092.910 cm-I. IH NMR (250 MHz. CDCI3): 0 = 1.32 (t. J = 7.2 
Hz.3 H. Me). 2.29 (s. 3 H. Me). 4.26 (q. J = 7.2 Hz. 2 H. CHP). 
6.38 (d. J = 15.9 Hz. I H. CHC02Et). 6.89 (d. J = 7.9 Hz. 1 H. Ar-
H). 7.53-7.01 (m. 9 H. Ar-H). 7.59 (d. J = 8.1 Hz. 2 H. Ar-H). 7.86 
(d,) = 16.1 Hz. I H. CH=CHC02Et). 13C NMR (100 MHz. CDCI3): 
0= 14.3 (Me). 21.3 (Me). 60.2 (CH2). 118.7 (CHC02Et).119.8 (Ar-
CH). 124.6 (Ar-C). 124.7 (Ar-CH). 127.2 (Ar-CH). 127.7 (Ar-CH). 
128.7 (Ar-CH). 128.8 (Ar-CH).128.9 (Ar-C). 129.1 (Ar-CH). 130.5 
(Ar-CH). 135.2 (Ar-CH). 135.5 (Ar-C). 140.7 (Ar-C). 140.8 
(ArCH=CH). 150.3 (Ar-C-N). 165.2 (C=O or C=N). 167.0 (C=O or 
C=N). HRMS (FAB): ~5H13N02Se + H requires: 450.0972; found: 
450.0970; mlz (%) = 450 (10) [M + H]+' 366 (4). 292 (42). 248 (42). 
220 (90). 128 (19). 119 (100).91 (25).77 (15). 65 (5). 
Cyclization Reactions. (2-p-Tolyl-1H-indol-3-yl)acetic Acid 
Ethyl Ester [11a (R = p-tol)]. 
The reaction was carried out under an atmosphere of nitrogen. A 
deoxygenated solution of Bu3SnH in toluene (20 mL) was added us-
ing a syringe pump over 5 h to a solution of 3-{2-[(phenylselanyl-
p-tolylmethylene)amino]-phenyl}acrylic acid ethyl ester [6a 
(R = p-tol). 0.469 g. 1.046 mmol] in anhyd toluene (100 mL) under 
reflux. AIBN (0.086 g. 0.523 mmol) was added portion-wise over 5 
h. The reaction mixture was refluxed for a further hour. cooled and 
evaporated to dryness. The crude mixture was purified by flash sil-
ica column chromatography using light petroleum:EtOAc (6: l) as 
eluant to yield the indole 11a (R = p-tol) as a pale yellow oil (0.290 
g. 95%). IR (thin film): 3373.3053.3024.2976.2921.2869.1718. 
1506. 1457. 1342. 1306. 1I76.1029.822cm-l • IHNMR(250MHz. 
CDCI3): 0 = 1.23 (t. J = 7.1 Hz.3 H. Me). 2.38 (s. 3 H. Me). 3.80 (s. 
2 H. CH2C02Et). 4.14 (q. J = 7.1 Hz. 2 H. CH20). 7.30--7.12 (m. 5 
H. Ar-H). 7.52-7.49 (m 2 H. Ar-H). 7.66-7.64 (m. I H.Ar-H).8.18 
(br s. I H. Nil). l3C NMR (100 MHz. CDCI3): 0 = 14.2 (Me). 21.2 
(Me). 31.2 (CH2). 60.8 (OCH2). 105.3 (Ar-C). 110.8 (Ar-CH). 
119.2 (Ar-CH). 119.9 (Ar-CH). 122.3 (Ar-CH). 128.1 (Ar-CH). 
129.1 (Ar-C). 129.5 (Ar-C). 129.6 (Ar-CH). 135.7 (Ar-C). 136.3 
(Ar-C). 137.9 (Ar-C). 172.3 (C=O). HRMS (El): CI9HI9N02 re-
quires: 293.1415; found: 293.1419; mJz (%) = 292 (40) [M+]. 269 
(20).220 (100). 204 (22). 177 (5).155 (4).91 (4). 
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Imidoyl selanides, synthesized from amides, have been used 
as radical precursors ofimidoyl radicals in cascade reactions. 
The novel radical cascade has been developed for the simple 
synthesis of the medicinally important aryl-annulatedlbl-
carbazoles. The protocol has been exemplified with the high-
yielding total synthesis of the anticancer alkaloid ellipticine. 
Aryl- and heteroaryl[blcarbazoles are an important 
class of biologically active compounds that include no-
table alkaloids of pharmaceutical interest. 1 Ellipticine 1 
and its natural analogues 2 and 3, first isolated in 1959,2 
have received a vast amount of attention because of their 
anticancer properties due to interaction with DNA. The 
synthetic analogue elliptinium 4 has been used clinically 
as an anticancer drug, including treatment of breast 
cancer, myeoblastic leukemia, and solid tumors.1,3a More 
recent studies have also indicated activity against HIV.3b 
Ellipticine has proved a popular target for synthesis, 
and a wide variety of strategies have been reported.1,4,5 
Similarly, the structurally related aryl- and heteroaryl-
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Pharmacol. 2001, 62, 1675-1684. (b) Stiborova, M.; Breuer, A.; 
Aimova, D.; Stiborova-Rupertova, M.; Wiessler, M.; Frei, E. Int. J. 
Cancer 2003, 107, 885-890. (c) Mathe, G.; Triana, K; Pontiggia, P.; 
Blanquet, D.; Hallard, M.; Morette, C. Biomed. Pharmacother. 1998, 
52,391-396. 
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2: R=OH 
3: R=OMe 
4 
annulated carbazoles have also received considerable 
synthetic attention.1,4,6 However, few syntheses have been 
high-yielding and regioselective, and few syntheses have 
used mild conditions. Surprisingly, no radical methodolo-
gies have been reported, although biradicals have been 
used to synthesize benzo[blcarbazoles.7 We report the 
results of our studies of a new radical protocol using 
imidoyl radical intermediates for the synthesis of aryl-
and heteroaryl-[blcarbazoles and ellipticine 1 which 
meets the requirements of good yields, regioselectivity, 
and moderate conditions. 
We recently published a novel methodology for the 
formation of imidoyl radicals 6 from amides via imidoyl 
selanides 5 (Scheme 1)8 which has facilitated our new 
synthetic protocol. Cyclizations of imidoyl radicals onto 
alkynes have been previously used for radical cascade 
reactions. In these synthetic protocols, isocyanides9 and 
isothiocyanates10 were used as the imidoyl radical pre-
cursors. We envisaged that fused [blcarbazoles could be 
synthesized in just two steps at room temperature from 
easily available amides using our putative protocol 
(Scheme 2). 
A range of amides 9 were synthesized in high yields 
using amide and Sonogashira couplings.ll High yields 
could be obtained by carrying out either the amide 
(4) (a) Sainsbury, M. Synthesis 1977, 437-448. (b) Alvarez, M.; 
Joule, J. A. In The Chemistry of Heterocyclic Compounds; Saxton, J. 
E., Ed.; Wiley: Chichester, 1994; pp 261-278. (c) Kansal, V. K; Potier, 
P. Tetrahedron 1986,42, 2389-2408. (d) Hewlins, M. J. E.; Oliveira-
Campos, A.-M.; Shannon, P. V. R. Synthesis 1984, 289-302. 
(5) (a) Ishikura, M.; Hino, A.; Yaginuma, T.; Agata, I.; Katagiri, N. 
Tetrahedron 2000, 56, 193-207; a good review of references to earlier 
syntheses is included. Recent references include: (b) Mal, D.; Senapati, 
B. K; Pahari, P. Synlett 2005, 994-996. (c) Miki, Y.; Hachiken, H.; 
Yanase, N. Org. Biomol. Chem. 2001, 2213-2216. 
(6) Recent references include: (a) Tsuchimoto, T.; Matsubayashi, 
H.; Kaneko, M.; Shirakawa, E.; Kawakami, Y. Angew. Chem., Int. Ed. 
2005, 44, 1336-1340. (b) Martinez-Esper6n, M. F.; Rodriguez, D.; 
Castedo, L.; Saa, C. Org. Lett. 2005, 7, 2213-2216. 
(7) (a) Schmittel, M.; Steffen, J.-P.; Angel, M. A. W.; Engels, B.; 
Lennartz, C.; Hanrath, M. Angew. Chem. 1998, 110, 2531-2533; 
Angew. Chem., Int. Ed. 1998,37,1562-1564. (b) Shi, C.; Wang, K K 
J. Org. Chem. 1998,63,3517-3520. (c) Shi, C.; Zhang, Q.; Wang, K 
K J. Org. Chem. 1999, 64, 925-932. 
(8) (a) Bowman, W. R.; Fletcher, A. J.; Lovell, P. J.; Pedersen, J. M. 
Synlett 2004, 1905-1908. (b) See also: Bachi, M. D.; Denenmark, D. 
J. Am. Chem. Soc. 1989,111, 1886-1888. (c) Fujiwara, S.-I.; Matsuya, 
T.; Maeda, H.; Shin-Ike, T.; Kambe, N.; Sonoda, N. J. Org. Chem. 2001, 
66, 2183-2185. 
(9) Leading references: (a) Du, W.; Curran, D. P. Org. Lett. 2003, 
5, 1765-1768; Synlett 2003, 1299-1302. (b) Curran, D. P.; Ko, S.-B.; 
Josien, H. Angew. Chem., Int. Ed. Engl. 1995, 34, 2683-2684. (c) 
Review: Nanni, D. In Radicals in Organic Synthesis; Renaud, P., Sibi, 
M. P., Eds.; Wiley-VCH: Weinheim, Germany, 2001; Vol. 2, pp 44-
61. 
(10) (a) Benati, L.; Calestani, G.; Leardini, R.; Minozzi, M.; Nanni, 
D.; Spagnolo, P.; Strazzari, S.; Zanardi, G. J. Org. Chem. 2003, 68, 
3454-3464. (b) Benati, L.; Leardini, R.; Minozzi, M.; Nanni, D.; 
Spagnolo, P.; Zanardi, G. J. Org. Chem. 2000, 65, 8669-8674. 
(11) Hiroya, K; Itoh, S.; Sakamoto, T. J. Org. Chem. 2004, 69,1126-
1136. 
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SCHEME 1. Formation of Imidoyl Radicals from 
Amides via Imidoyl Selanides 
5 
SCHEME 2. Retrosynthesis for Aryl. and 
Heteroaryl-Annulated[b ]carbazoles 
R2~ Radical R2 Imidoyl oo~- !J cascade ~~ radical - cyclisation 1 ~ \..~,;7 X formation I~~!J ~ b- .-t ",..1 ==> b- N RI X = C, N N H RI 
7 8 
TABLE 1. Conversion of Amides to Imidoyl Selanides 
~JyOR2,;7 1.COCI2,cat.DMF,DCM ~~e::,;7 llA)l ",.. I ~ 1lA .. J: ",.. I 
N 2. KBH(seo-Bub, (PhSe)2, N 
H RI THF, rt RI 
9 10 
entry RI R2 yield (%)<> 
1 9a H Ph lOa 22 
2 9b H Me lOb 41 
3 ge Me Ph 10c 67 
4 9d Me Me 10d 61 
5 ge Me CH20Ac 10e 71 
6 9f Me SiMea 10f 44 
7 9g Me H 109 46 
8 9h Me C02Me 10h 57 
B Isolated yields. 
coupling first, followed by the Sonogashira coupling, or 
vice versa, which is useful for building in diversity if 
required. The amides were converted to imidoyl selanides 
in moderate to good unoptimized yields (Table 1). 
Initial cyclization reactions were performed using BU3-
SnH with AIBN as the initiator in refluxing toluene, but 
poor yields were obtained. The best results were obtained 
using Et3B and O2 for radical initiation at room temper-
ature. After some optimization, the best conditions were 
found to be the addition of Et3B (10 equiv) to deoxygen-
ated solutions of the imidoyl selanides and BU3SnH, 
introduction of an O2 bleed, stirring normally for 24 h, 
deoxygenation again, further addition ofEt3B (10 equiv), 
and stirring until the selanide 10 was consumed. The 
second deoxygenation was required to lower the concen-
tration of O2 so that the second portion of EtaB was not 
consumed too rapidly. The somewhat unorthodox proce-
dure successfully yielded the required cyclized products 
in up to 55% yields (Table 2). 
Some of the reactions also gave monocyclized products. 
For example, for 10f (entry 6) none of the desired 
carbazole llfwas detected and the desilylated carbazole 
llg and the 3-formylindole 12f were isolated (Scheme 
3). Similarly, 10h (entry 8) also yielded the indole 12h 
10616 J. Org. Chem., Vol. 70, No. 25, 2005 
TABLE 2. Radical Cascade Reactions To Form 
Benzo[b Jcarbazoles 
10 
entry 
1 
2 
3 
4 
5 
6 
7 
8 
BUaSnH, Et3B, 
O2, PhMe, rt ,;7 
RI R2 
lOa H Ph 
lOb H Me 
10c Me Ph 
10d Me Me 
10e Me CH20Ac 
10f Me SiMea 
109 Me H 
10h Me C02Me 
X 
+~~ Ph 
",..1 
N 
H 
12f, X= CHO 
12h, X = CH2C02Me 
t (h) product, yield (%)<> 
7b 11a,33 
24 llb, 15 
48 11c,55 
48 lld, 54 
72 11e,40 
48 11f, 0 11g, 18 l2f, 33 
6 11g,18 
72 11h, 19 l2h, 29 
B Isolated yields. bUsing AIBN/8. 
SCHEME 3. Proposed Mechanism for the Radical 
Cascade Reaction 
14 
16 
16-endo-trig 
(Et 
R2A -
'I !J 
5-ipso-frig 
15 ~eoPhYI /e~~ngement 
R2 
-EtH 
17 
as well as the expected carbazole llh. (Scheme 3). We 
suggest that interception of the electrophilic vinyl radical 
intermediate (14, R2 = C02Me) by the nucleophilic BU3" 
SnH competes with further cyclization. For the terminal 
alkyne 109 (entry 7), the cyclization competes with the 
addition oftributyltin radicals (Bu3Sn·) to the alkyne, and 
only an 18% yield of the carbazole llg was obtained. 
HPLC analysis of the product mixtures indicated a large 
number of very minor impurities but no other significant 
products other than those indicated. 
We propose the mechanism as shown in Scheme 3 for 
the formation of the carbazoles. Although the (Z)-imidoyl 
selanides should yield the trans-imidoyl radicals 13, 
theoretical and EPR spectroscopic analysis also shows 
that the trans-radicals are more stable.12 The imidoyl 
radicals 13 undergo selective 5-exo-cyclization onto the 
alkynes. Evidence9,10,13 suggests that the vinyl radical 14 
undergoes a 5-exo-cyclization to 15 followed by a neophyl 
rearrangement to 16, but a 6-endo-cyclization cannot be 
(12) Blum, P. M.; Roberts, B. P. J. Chem. Soc., Perk in Trans. 21978, 
1313-1319. 
SCHEME 4. Total Synthesis of Ellipticine 
BuU, (f.Pr)2NH, AIMe3, DCM, 
JLO THF, -78 to 0 ·C, \9 2-iodoaniline, o ~ ~ Mel,93% , 0 ~ ~ 40 ·C, 81% , EtO ~ EtO ~ 
18 
((
I \C~ N Pd(PPh3)2CI2, oc14-JfJ I I CuI, Et3N, ION ~ ~ , I 
N propyne, DMF, ~ N ~ 
19 H 20 ·C, 88% 20 H 
1) COCI2 in toluene, 06::r;yo BU3SnH, Et3B, 
DCM, DMF, 20 ·C ~ I SePh ~ N 02 Ph Me 
------. I ' '. 1 
2) KBH(sec-Bub, THF, ~ N"" ~ 20 ·C, 61% 
(PhSe)2, rt, 48% 21 
ruled out. Studies indicate that the mechanism ofrearo-
matization of .1l-radical intermediates (e.g., 16) in BU3-
SnH-mediated reactions is by H-abstraction by the 
initiator or a breakdown fragment therefrom.14 In these 
reactions, we propose that the hydrogen is abstracted by 
ethyl radicals generated from the Et3B initiator. Rapid 
tautomerism of the bicyclic products 17 yields the ben-
zocarbazoles 11. 
The new protocol was applied to a total synthesis of 
ellipticine 1 from ethyI2-(4-pyridyl)acetate in five steps 
with an overall yield of 19% (Scheme 4). Trimethylalu-
minum was used to synthesize amide 19. While the last 
two steps have good rather than excellent yields, the 
overall yield is higher and the number of steps is smaller 
than almost all reported syntheses. Our synthesis avoids 
high-temperature reactions and indole protection/depro-
tection problems of previous syntheses and also facilitates 
the easy application of diversity. The pharmaceutical 
industry is reluctant to use BU3SnH because of its 
toxicity. Therefore, we repeated the radical cascade using 
the nontoxic tributylgermanium hydride (BnaGeH).15 The 
yield was not optiInized, but our preliminary result 
showed that similar yields (49% unoptiInized yield) could 
be obtained using the nontoxic germanium alternative 
reagent. Bu3GeH also has the advantages of long shelf 
life and clean reaction workups.15 
A crystal structure ofiInidoyl selanide 21 was obtained 
showing the Z-configuration ofthe C=N bond (Figure 1). 
Therefore, abstraction of the phenylselanyl group yields 
an iInidoyl radical with the correct stereochemistry (as 
shown in 13, Scheme 3) for cyclization and does not 
require isomerization ofthe radical intermediate. Model-
ing studies showed that the SH2 transition state for the 
homolytic cleavage of the carbon-selenium bond (e.g., 
10 to 13, Scheme 3) is sterically hindered, which probably 
accounts for the unusually slow reactions observed for 
the cascade cyclizations. 
In conclusion, we have demonstrated a novel radical 
cascade protocol for the synthesis of aryl- and heteroaryl-
fused[blcarbazoles, thereby enabling the synthesis of this 
(13) (a) Bowman, W. R.; Cloonan, M. 0.; Fletcher, A. J.; Stein, T. 
Org. Biomol. Chcm. 2005, 3,1460-1467. (b) Bowman, W. R.; Bridge, 
C. F.; Brookes, P.; Cloonan, M. 0.; Leach, D. C. J. Chem. Soc., Perkin 
Trans. 1 2002, 58-68. 
(14) Beckwith, A. L. J.; Bowry, V. W.; Bowman, W. R.; Mann, E.; 
Parr, J.; Storey, J. M. D. Angew. Chem., Intl. Ed. 2004, 43, 95-98. 
(15) Bowman, W. R.; Krintel, S. L.; Schilling, M. B. Org. Biomol. 
Chem. 2004, 585-592; Synlett 2004,1215-1218. 
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FIGURE 1. X-ray crystal structure of the imidoyl selanide 
21. 
important class of compounds in just two steps from 
easily available amides. The protocol was successfully 
applied to the total synthesis of the anticancer alkaloid 
ellipticine 1. The protocol allows for easy incorporation 
of diversity for the synthesis of libraries of analogues. 
Further studies are aimed at adapting the protocol for 
the synthesis of other biologically active heteroarenes. 
Experimental Section 
General Procedure for the Conversion of Amides to 
Imidoyl Selanides. The amide (3.00 mmo1) was dissolved in 
dry DCM (50 mL) followed by addition of DMF (6 drops) and 
dropwise addition of a 20% phosgene solution in toluene (4.76 
mL, 9.00 mmol) at 0 ·C. The reaction mixture was stirred 
overnight at room temperature and evaporated under reduced 
pressure. This residue was immediately dissolved in anhydrous 
THF (50 mL) and transferred into a suspension of (PhSeh (0.47 
g, 1.50 mmol) and K-selectride (1 M solution in THF) (3.30 mL, 
3.30 mmol) in THF (20 mL). The reaction mixture was stirred 
until homogeneous at room temperature and evaporated under 
reduced pressure. The residue was dissolved in DCM, washed 
with water, dried, and evaporated under reduced pressure. The 
residue was purified by column chromatography on silica gel 
with EtOAc in light petroleum (20%) as eluent to yield the 
required imidoyl selanide. 
Typical Experiment: (Z)-Phenyl N-2-(Prop-1-ynyl)phe. 
nyl-2.(pyridin-4-yl)propaneselenoimidate 21. Yellow crys-
tals (48%), mp 90-92 °C. (Found: C, 68.52; H, 4.87; N, 6.70. 
C2:JH2oN2Se requires C, 68.48; H, 5.00; N, 6.94%). vmax<film)/cm-1 
3052, 2982, 2926, 1630. 742, 692; c5H (CDCb, 400 MHz) 1.51 (3 
H, d, J = 6.9), 2.07 (3 H, s), 3.91 (1 H, q, J = 6.9), 6.87 (1 H, bd, 
J = 7.9), 7.04-7.06 (2 H, m), 7.10 (1 H, dd, J = 7.7, 1.3), 7.20-
7.31 (3 H, m), 7.35-7.40 (3 H, m), 7.45 (1 H, dd, J = 8.1, 1.4,), 
8.41-8.43 (2 H, m); c5e (CDCb, 100 MHz) 4.7 (CH3), 21.8 (CHa), 
48.3 (Cm, 77.3, 90.0 (C), 114.2 (C), 118.8, 123.1, 124.5 (cm, 
126.9 (C), 128.4, 129.2, 129.3, 133.0, 137.6, 149.6 (cm, 151.4, 
152.0 (C), 167.7 (C); mlz (LSlMS) 405.0866 [(M + m+, C2:Ji21N2-
Se requires 405.0864], 405 (41%), 249 (85), 108 (100). The 
structure of 18 was confirmed by X-ray crystallography. 
General Procedure for Radical Cascade Reactions. 
Ellipticine 1. (Zl-Phenyl N-2-(prop-1-ynyl)phenyl-2-{pyridin-4-
yl)propane selenoimidate 21 (0.25 g, 0.62 mmol) and tributyltin 
hydride (0.36 mL, 1.36 mmol) were dissolved in toluene (20 mL), 
and the solution was flushed with argon for 15 min. Triethylbo-
rane (18.6 mL, 18.6 mmol) was added in three portions, once 
every 24 h (preceded by deoxygenation). The reaction mixture 
was stirred for 72 h, allowing oxygen (in air) to bleed in through 
a needle. The solution was evaporated under reduced pressure, 
the residue was dissolved in DCM, extracted three times with 
dilute HCI, and washed with petrol, and the aqueous phase was 
basified using concentrated NaOH. The resulting dispersion was 
J. Org. Chem, Vol. 70, No. 25,2005 10617 
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extracted five times with DCM, and the organic phase was 
evaporated under reduced pressure. The resulting residue was 
purified using column chromatography using silica gel as 
absorbent and THFlEtOAc (1:1) as eluent to give ellipticine 1 
(93 mg, 61%) as yellow crystals, mp 310-314·C (Lit.,IS 311-
315·C)IR3422,3153, 3090,2925, 2870, 2363,2341, 1600, 1463, 
1407,1383,1262,1242,1027,811,743,604 cm-I; IH NMR (400 
MHz, ds-DMSO) 15 11.42 (1 H, s), 9.70 (1 H, s), 8.43 (1 H, d, J = 
6.0 Hz), 8.39 (1 H, d, J = 8.0 Hz), 7.92 (1 H, d, J = 6.0 Hz), 
7.51-7.59 (2 H, m), 7.27 (1 H, ddd, J = 8.0, 6.9, 1.4 Hz), 3.26 (3 
H, s), 2.79 (3 H, s); 13C NMR (100 MHz, DMSO) 15 149.6, 142.6, 
(16) Saulnier. M. G.; Gribble. G. W. J. Org. Chem. 1982.47.2810-
2812. 
10618 J. Org. Chem., Vol. 70, No. 25, 2005 
140.5,140.4,132.4,128.0,127.1,123.8,123.3,123.1, 121.9, 119.1, 
115.9,110.7,108.0,14.3,11.9. The data were identical to those 
reported in the literature.16 
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